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TESTS UPON COMPRESSED AIR PUMPING 
SYSTEMS OF OIL WELLS 


By Epmunp M. Ivens, New Or.eans, La. 


Junior Member of the Society 


When the Louisiana oil fields at Evangeline were in full operation, 
they offered exceptional opportunities for the study of air lifts. 
Nearly every known method of piping the wells was in use. The 
air plants originally installed were the crudest affairs imaginable, 
having been erected in feverish haste during the boom several years 
ago. When the production of the fields began to decrease, and the 
price of oil also declined, it was realized for the first time that the 
operating expenses were abnormal, and that unless greater economy 
were practiced, disastrous results would follow. Few changes were 
made, however, up to eighteen months ago, beyond the purchasing of 
additional equipment. 

2 Each concern has a central station or air plant and all the 
compressors therein are connected to a manifold from which the air 
lines lead to the various wells on the property held by that concern. 
The manifold design is such that by manipulating the valves, any 
machine may be made to operate any of the wells. 

3 Often the air lines reach the wells by a roundabout way, and 
have innumerable short bends, valves, double swings to avoid pipe 
cutting, and plugged tees instead of elbows. lll of this tends further 
to decrease the economy of the operation, and taking all things into 
consideration, it is little wonder that the efficiencies of the plants were 
low. The size pipe used for these air lines is designed neither for the 
amount of air to be transmitted nor for the distance it is to be carried, 
but is with one exception 2 in. in diameter. : 

4 The boilers of the air plants are of 40 h.p., of a portable con- 
tracted waist type, and few were covered with asbestos. The boilers 
were so set that one-fifth of their lengths projected into the open, as 


To be presented at the Spring Meeting of The American Society of Mechanical 
Engineers. All papers are subject to revision. 
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indicated in Fig. 1, in order to avoid the necessity of perforating the 
roof to receive the stacks and to provide cooler boiler-rooms, regard- 
less of the heat wasted. 

5 The redeeming feature in all the plants is the type of compressor 
in general use. These compressors are generally of high grade, and 
display remarkable endurance. It is common for a machine designed 
for 350-lb. pressure to operate under a pressure of 500 lb., and at 
speeds far in excess of those for which it was designed. The most 
popular type of compressor has the duplex steam end and compound 
or two-stage air end. The steam cylinders are fitted with Meyer 
adjustable cut-off valves and the air cylinders in some instances with 
piston and in others with Corliss intake valves and poppet discharge 
valves. Plain speed governors are used and the capacities of the 








Fic. 1 <A Typicat Arm PLANT 


compressors range from 100 to 1000 cu. ft. of free air per minute and 
operate at pressures of from 150 to 750 lb. per square inch. The 
machine best adapted to the purpose, however,is the 500 cu. ft., 
500-lb. type. 

TERMS 


6 An explanation of certain terms to be used may not be out of 
place. 


’ 


“Submergence in feet’”’ refers to the number of feet below 
the surface of the fluid (after the well has been pumped 
down, and is operating under its normal conditions) 
that the air under pressure is admitted. 

“Per cent of submergence” is the submergence in feet divided 
by the total number of feet of vertical discharge line, 
measured from the point of admission of the air to the 


point of discharge of the fluid. 
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“ Volumetric efficiency” of the compressor is the actual amount 
of free air that is compressed and discharged by the cyl- 
inder, divided by the cubical contents of that cylinder. 

“Free air’ is air at standard temperature and pressure. 

“ Pumping head” is the vertical distance in feet (after the well 
is pumped down, as before stated) from the fluid level 
in the well to the point of discharge. 


“The Constant” = Gal. sad minute x pumping head in feet 
Cu. ft. of free air per minute 
“The Ratio” =< Cu. ft. of free air per minute 
Cu. ft. of fluid per minute 


DESCRIPTION OF SYSTEMS 


7 Fig. 2, 3, 4, and 5, illustrate the air lift systems that are and 
have been in use on the oil fields. 

8 Fig. 2 shows the Straight Air or Sanders system. The well 
top is sealed as shown at A. Compressed air is forced through the 
pipe B into the space between the discharge or eduction pipe C, and 
the well casing D. 

9 When without air pressure the fluid in the well will stand at 
some point such as E, the level in the air space and the discharge 
line being identical. When air is forced through B, the level of the 
fluid in the air space is gradually forced down until the end of C is 
uncovered. Instantly some of the air escapes into the discharge 
pipe C, lowering the air pressure in the air space F. This causes 
the fluid to rise in and up the air space and discharge pipe until a 
point is reached where air and water pressure balance. Then, more 
air coming in, the pressure again rises, the fluid level is forced down 
as before, more air escapes into the discharge pipe, and thus the cycle 
is repeated. As may be readily seen, the air that rushes into the 
discharge line carries the “slug’’ of water that has just previously 
entered. 

10 Fig. 3 shows what is commonly known as the Central Pipe 
system. The discharge line A is placed inside of the well casing as 
before and inside of the discharge is suspended a small air line usually 
i} in. in diameter. The end of the 1} in. line is plugged and a number 
of 4 in. holes are drilled inclining upwards in the last joint of pipe. 
Air is forced down through the small air line shown, passes out of 
the }-in. holes, and mingles with the fluid carrying it out through 
the discharge line A. It is generally supposed that the fluid in this 
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case is discharged because of the aération of the fluid in the discharge 
pipe which in turn is caused by the intimate commingling of air and 
fluid. The weight of the fluid column inside of the discharge pipe 
is therefore less in pounds per square inch than that without and the 
energy due to this difference in weight is utilized to lift the fluid and 
overcome the various losses. 
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11 What is commonly known as the Open End system of air 
lift was at one time in quite extensive use on the field. It is 
similar to the system just described except that the small air line is 
open at the lower end, and of course there are no holes drilled in the 
air line. : 

12 Fig. 4 illustrates a form of the Return Bend system. It is 
claimed by the inventor that: “ It consists in improved processes and 
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apparatus whereby the compressed air is delivered in bulk into the 
lower end of the water eduction pipe, and the water and air are 
caused to ascend through said pipe in distinct alternate layers of 
definite dimensions.” 

13 The use of this system has been discontinued in Evangeline 
because, as the field managers told the writer, it failed to produce as 
large a quantity of fluid as that produced by other systems. 
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14 Fig. 5 shows a patent system which in reality is a combination 
of the several systems already described. The claims of the inventor 
are: less submergence, and hence less air pressure necessary, decreased 
air consumption, or with an equal amount of air, increased fluid yield. 

15 Compressed air is forced through a down into the foot piece, 
which is placed at that point of submergence shown by test to be 
most economical. The well top is sealed and air under pressure 
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is also admitted between the casing and discharge pipe on the 
water head by means of the branch shown at b. This forces the 
fluid to a higher level in the discharge pipe and also prevents fluid 
in the air space or chamber from vibrating and foaming. This is 
quite an advantage in oil well pumping as the liability of making 
“riley oil” is thereby greatly lessened. 

16 The footpiece shown in section is made of cast brass and is in 
two parts. The air on reaching the foot piece divides and goes up 
through the hollow prongs f and g and out the nozzle n. The nozzle 
is adjusted to receive the quantity of air to be used by screwing the 
upper part s of the footpiece, in or out as the case may be. To 
increase the velocity of the fluid in the discharge line, the footpiece 
is restricted and formed into a “venturi” as shown at »v. 





Fia. 6 Type or Compressor Usep 


Test No. 1 


17 The Crowley Oil and Mineral Company was the’ first to take 
active steps for the improvement of their plant and pumping equip- 
ment. They decided to install the patent air lift last described 
(Fig. 5). A test of the old system was first made to determine the 
amount of compressed air used and the fluid yield. The new equip- 
ment was next installed and a similar test made of the same duration 
and under the same conditions. The tests and installation were 
conducted «.1 Well No. 32, 1805 ft. deep, and located 542 ft. from the 
compressor operating it. The air to the well was controlled by means 
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of a manifold in the plant and was conveyed to the well top through a 
two-in. pipe line which as usual was in poor condition and badly 


designed. 

18 The system of pumping was that illustrated in Fig. 2. The 
well casing was 6 in. in diameter, suspended inside of which was a J 
4-in. discharge line. ) 


19 The compressor was a duplex steam and compound air type 
made by the Ingersoll-Rand Company and designed to compress 
1000 cu. ft. of free air per minute to 350 lb. pressure. The steam . 
end was fitted with Meyer adjustable cut-off valves and the air end 
with Corliss intake and poppet discharge valves. The machine is 
shown in Fig. 6. 
20 The discharge pipe from the well top was run up into a steel 
tank of known dimensions and the amount of fluid pumped during the 


* 








Fic. 7 


test ascertained by direct measurement. Air gages, previously tested, 
were placed both at the compressor and at the well top thereby 
making it possible to determine the friction losses in the manifold 
and air line and also the actual pressure at the well top. Simultane- 
ous indicator cards were taken from the steam and air ends of the 
compressor, and from these cards were obtained the volumetric and 
mechanical efficiencies, the steam and air horse powers, and the 
steam consumption (theoretical) of the machine. 

21 The volumetric efficiency was assumed to be the ratio of 
the total piston displacement to the dsplacement at the point where 

os de oe ee 

the admission valve opens, ( = on the indicator card, Fig. 7). Some- 
times this method is inaccurate and unsatisfactory (1) because the 
entering air at atmospheric temperature and pressure is heated by 
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contact with the cylinder walls and piston; and (2) because of leak- 
age of air from the compression side of the moving piston to the suc- 
tion side. Neither the expansion resulting from the first condition 
nor the reduction in volumetric efficiency resulting from the second 
are observable on the indicator card. 

22 The first inaccuracy was partially overcome by placing a 
recently calibrated thermometer as far down in the intake pipe of the 
compressor as possible, noting the temperature and making the 
necessary corrections as will be observed in the log of results. 

23 The method of ascertaining the volumetric efficiency, that the 
writer would have used, but for his inability to obtain the necessary 
apparatus, was in brief as follows: 































Connect the air discharge of the compressor to an enclosed 
tank. From this tank, connect to a cooler and from 
thence to a second enclosed tank of known dimensions. 

Place a regulating valve between the first tank and the 
cooler, setting the valve to maintain the pressure in the 
first tank at that point at which the efficiency is to be 
determined. 

Attach test gages to both tanks and a reliable thermometer 
to the second tank. 

Start the compressor and note the temperatures of the intake 
air and of the air in the second tank both at the beginning 
and end of the run. Note also the initial and final air 
pressures and the reading of the barometer, and the speed 
in revolutions per minute of the compressor. 

The volume of air compressed is then determined from the 
formula: 


» 273 + ~_— x P, 29.92 x os 
R \ 27% +T, 273+T,, 





VY= 


where 
V = Volume of air compressed. 
v, = Cubical contents of the second tank. 
T = Room, or intake air, temperature. 
T,, = Initial temperature of the air in the tank. 
T, = Final temperature of the air in the tank. 
R = Reading of the barometer in-inches of mercury. 
P and P, = Initial and final air pressures in the 
tank, 
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The volume of air thus obtained divided by the total piston displace- 
ment equals the volumetric efficiency. 


OBSERVATIONS 


24 Every thirty minutes for a period of six hours, readings were 
taken of the boiler pressure gage, the air gage at the compressor 
and at the well top, the r.p.m. of the compressor, the temperature 
of the intake air and of the barometer. A set of indicator cards, and 
also a sample of the fluid pumped from the well, were taken at each 
interval. 

25 The temperature of each sample of fluid was noted; it was then 
placed in a proper receptacle, and at the end of the test, the weight of 
a gallon was ascertained, together with the specific gravity of the oil. 
The amount of fluid pumped was determined, as before stated, by 
direct measurement, due allowance having been made for the samples 
that were withdrawn. 

26 When these tests were run, no attempt was made by the writer 
to re-design the air lines, or to correct in any manner the numerous 
other defects. The old system was tested just as it had been operated, 
and the new system was installed and tested under the same adverse 
conditions. After both systems had been tested, some few of the 
defects were corrected in the manifold and air line design, thereby 
insuring more economical operation in the future. 


TABLE 1 SUMMARY OF RESULTS 


Tus Crow.Ley Ort AND MINERAL Company, EvANGELINE, La. 


Old System New System 
EE, Rss, ane ct k 640 2ke sehen seen 5.5 6.0 
inch tne i utnh tedhinsed canna tectahensse 122.56 89.19 
Ic od <4 sovinkens nonned stant aseeeseady 9.97 10.36 
as od sudan uiga ee oks vse 10s tned ba rtece 107 .38 79.16 
Gallone of fluid per SOOO. 26.6. 26 icc cc cewctcccce 0.542 0.608 
Se oe ND dada ah os Blog wrede es Wk katie we a 1953 .6 2188.2 

pg) ere errr Tree ee TTT eee re 46.51 52.1 
OE BO GE UE Soc he ki ado Sod 0 cnc aweein sbi 8.7 8.69 
Mean temperature of fluid, deg. falf#................ 111.5 113.2 
Percentage of salt water in fluid................... 87.3 86.7 

e e sand je te Pe Pe 2.2 1.9 

” - COGS OO oc ow cw iuvnvewcureee 10.5 11.4 
renter TT reri LTT ii Le 4.86 5.94 
Barometer reading, inches of mercury............-.. 29.95 29 .94 
Specific gravity of Oil.......... 6. cece eee eeeeeeeene 0.9 
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Old System New System 
Constant 63.1 


es bx sch la ta dee aad waka bleeds 
Total depth of well, feet................... 1805.0 
NS PE PEE ETE OE EE ee 6.0 
Height above ground to which the fluid was pumped, 

18.5 
Size of discharge line used, inches................... 4 4 
Total length of vertical discharge line............... 1513.5 1513.5 
Total length of vertical air line in well...............1513.5 1493.0 
Dimensions of compressors, inches*................- 10x22x16x20-74x18x16x20 
Number operated 1 


Kind of fuel usedt Crude oil Crude oil 
Gallons of fuel used per hour 35.27 
Barrels of fuel used per hour Af 0.835 
Price of 1 bbl. of oil at time of test, dollars 0.90 
Cost of fuel for producing 1 bbl. of fluid, dollars....... 0.0222 0.0146 


Cost of fuel for producing 1 bbl. of crude oil, dollars.... 0.212 0.126 


*Type of compressor used, Rand Drill Co. Imperial Type X, Steam Cylinders, compound 
air cylinders. 


tType of boiler, oil well supply, portable contracted waste. 


Test No. 2 


WELLS NO. 12, 30, AND 32 OF THE CROWLEY OIL AND MINERAL 
COMPANY 


27 The saving in air volume accomplished by the new system 
led those interested to endeavor to operate two wells with one 
machine, something before considered impossible in the field. 

28 Well No. 30 was forthwith tested, though not with sufficient 
accuracy to warrant the publication of the results, and the approxi- 
mate pumping head and submergence established. The new system 
was then installed with the requisite pipe to equalize the submergence 
(hence working pressure) of this well with that of No. 32. How 
successfully the working pressures of the two wells were equalized 
may be seen by reference to Table 2 of the Appendix. 

29 The two wells in question were then connected to one air 
compressor with gratifying results. No trouble was experienced in 
starting, and the machine furnished air in abundance for steady 
operation. 

30 Preparations were being made to run the usual test when the 
compressor operating Well No. 12 “went dead.” This last named 
well had been previously tested and equipped with the new system. 
This shutdown, of course, would mean a loss of at least a day’s pro- 
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duction from the well, amounting to quite an item, so the writer 
advised that this well be also connected to the machine already 
operating No. 30 and No. 32. By speeding the machine up a few 
revolutions, the additional load was easily taken care of as may be 
more fully noted by reference to the accompanying log (Table 2). 


TABLE 2 SUMMARY OF RESULTS 


Weis No. 12, 30, 32, Crowtey Orn aND Minerat Company 


NE I ee clewaebesccdvdeacneuen nan 6.0 

Py TE atte ean cadnheed 622440 os os 0hin as dws ee ws chee 151.1 
. “y a ORI yc FOR ELE Se ee oe Oe a ee 25.14 
9 ca eta haad exes aah ced eas ok ss knee hue -.+. 120.05 


ee Ne oi cok rice ds oh cad ea sacetus caves eninss 6168.0 
eg A gly Se eee Fe eee eee pee « Se 
Lae Pus 4 te aaib ee hei hates eek geckibekanes wae 16.17 
Wet. No. 12 
a he Se de a cn va wo dese oy oa Oe le 8.5 
pn ee | 
ee ne ee ON gn ide secede ccawknwdee ae che 87.2 . 
2, oa ee ee re aS endo acats Paty. & ac hs ek aR olor Alera 1.3 
Fo A s wea waw eke Panwa s ames aude weld 11.5 : 
; 
I dn tadbw ins wade aceetndeecdes CAbsewesecaesac 6.44 : 
eee ge Cin chia ieu lit nil bak ti pee awtnmnean’ 0.87 
a Cra ddn chika dhauv dnctdeanssadsabarcaewe 1705 .00 
ee Oe I iain 0.440 so vos 00 shes Uh ieee Ken eseciveesdes 6.00 
. a dices tuk tddend ows 6eevenetees 4.00 | 
WELL No. 30 
Height above ground to which fluid was pumped, feet................. 17.5 
Total length of vertical discharge line.....................0000e0ees 1025.5 / 
‘ ’ . 2 on Ae Ee ee oe eee eee 992 .58 ) 
pe Oe ee eee rer 8.65 
Rr ere Pee ee ee ee ; 
ae i Gr es I ia once s Seki Covers dere cisteancs 88.3 | 
Or le i Pe pe ere, eee eee ar 1.5 
Cee. oO «pnp aatiesaddwadvered so Cevebaccente 10.2 
SIRF et oe eta PEC aT eee ET CEE RTT CET ere 4.83 
dee ct. ine vneiis sev agkes ¥eaeestacebabardvenn’ 0.9 | 
EES Cee eT CLT TEER T TERT T 1920 .00 
es eae) side aes eaee ices swsuekeGerlsdunc¥ aes 6.00 
ee ES conn dewatewsccig seek hie <a dees en . 4.00 
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Height above ground to which fluid was pumped, feet............ 
Total length of vertical discharge line. ....................0000ee0es 1516.3 
Total length of vertical air line in well................... 000 0e ee ueee 


WELL No. 32 













Oe RR III, on c.n cd Huw db Snewecccccscveccctecs 7 
et hi con vind 405590 SCe seb hastesecdbedte phby anes 114.5 
a 6 0 oid bs cals pWE SEWED eb acaded desceoesee 86.9 
we iw \ wean te hem bebenibakeetetescatseanesess 1.8 
no? "a. 2y uni ea gake beam baed kn «cvawee wary deseo .3 
i iene thy tdebschpdweedeabenageaedevebadece .90 
aie: co ceensennh danke wide seheuws ewe eeted atch 0.9 
sos bos rks a a ee ek oe Steg wan A whee a OG 1901.00 
sn sec tbe eee ckeweeus ae Oinebbakiseencden’ 6.00 
© WELT, dbsondibedneshs<4sdeunkeaneetoenaebasiceseat 4.00 






Height above ground to which fluid was pumped..................... 





Total length of vertical discharge line. .................00ceeeeeeeee 1513.0 
Total length of vertical air line in well... .................000eeeeeee 1493 .0 
ices bs cteceneneacs osoesecsenes 1.25 


Barometer reading, inches of mercury................0ceeeeeececees 





Dimensions of compressor, inches*................00000e0eeee 


ick sae seh OE Nees a weaeeedanse cd katenscetees tue 1 
EE eas ok Wik as ANS RW RM ORR RR Sede Chea sees Crude oil 
ns ccc ancots acceded seesesetsseresvices 1.45 


Price of 1 bbl. of oil at time of test, dollars ..................00.00005 


Cost in fuel of producing 1 bbl. of oil, dollars......... 





*Type of compressor used, Rand Drill Co. Imperial Type X, duplex steam cylinders, com- 
pound or two stage, air cylinders. 
tType of boilers, oil well supply, portable contracted waste. 


Test No. 3 


MILL HILL NO. 2, MAMOU POWER COMPANY 


31 This test was run in the same manner as those preceding 
except that the fluid field was ascertained by means of a two-foot 
rectangular weir placed between the earthern fluid and oil pits, the 
salt water bleeds of the former having been closed. The old system 
used was that illustrated in Fig. 3. 

32 The depth of fluid over the crest of the weir was measured by 
means of the ordinary hook gage calibrated to read accurately in 
hundredths of a centimeter. The weir constant’ was previously 
determined by testing in the usual way, using a sample of the fluid 
as pumped from the well. 
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TABLE 3 SUMMARY OF RESULTS 


Weut No. 2, Mamovu Power Company 


Old System New System 
NG Ie acs bess bav een atbenhoes 10.0 10.0 
| ST ES Fee nO Ty Oe Pe Pe Ty 99.1 / 62.8 
© Ec 644 cbubtabadabbebicuars mecoesiecens 9.85 13 .36 
PMN cout cated heWiennes <cdcsead os tacenee 82.5 50.4 
Gallons of fluid per second................05e0000 0.694 0.849 
2 ie = , te ne si ark bed ee es eee nee 2499 .6 3056 .4 
itn cc svcccesovecccscenese 54.75 72.77 
Weight of 1 gal. of fluid, pounds.................... 8.72 8.75 
Mean temperature of fluid, deg.fahr................ 118.3 117.9 
Percentage of salt water in fluid................... 87.7 86.1 
« —® gand I ecco dovekgeawesne 1.2 1.6 
-s SE scdecescccesececccosce Ed 12.3 
sas red sce cieneosesseesscess ~ Se 8.95 
PENANG an ddivncedeecccedcccccvcccecs 0.9 0.9 
Barometer reading, inches of mercury............... 29.94 29.93 
Pe bcs cat othdecdacsvescoscccsovecscecs 24.39 24.39 
PIII, doce ddocse ccccncodeccccecctoun 97.1 202.9 
ROUSE Ws o Se be dew cvccceccsesewes 1901.0 1901.0 
Size of casing, inches. . 6.0 6.0 
Height above ground to ‘whieh fluid ¥ was spumped, feet . 3.33 3.33 
Size of discharge line used, inches..................- 4.0 4.0 
Ge SU scan acpocccceccccsasesinees 1.25 
Total length of vertical discharge line............... 1500.0 1500 .0 
Total length of air line in well..................005: 1489.5 1489.5 
Dimensions of compressor, inches* .................74x18x16x16 —74x18x16x16 
Ps ddcawedvusavecancscccsccecccees 1 1 
Enns ad sence sdecede season Crude oil Crude oil 
Gallons of fuel used per hour...............0.0000: 44.22 30.53 
ES en th kdb tsckenersiedeceres 1.05 0.727 
Price of 1 bbl. of oil at time of test, dollars............ 0.85 0.85 
Cost in fuel of producing 1 bbl. of fluid, dollars........ 0.0163 0.0085 
Cost in fuel of producing 1 bbl. of crude oil, dollars.... 0.128 0.069 


*Type of compressor used, Hall Steam Pump Co.,Duplex steam cylinders, compound air 
cylinders, Plain ‘‘D” valves on steam end, poppet valves on air end. 

tType of boiler, 72”x18’ horizontal return tubular, ‘manufactured by the Lockout 
Boiler Co. 


CONCLUSION 
33 A careful examination of the tests brings out several points 
that may require explanation. 


34 The loss of air pressure by friction in the small 1}-in. air 
line in the well, to which the footpiece of the new system was attached, 
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was approximately determined as follows: Pipe connections were 
made at the well top, so that by the manipulation of various valves, 
the air from the main line could be sent either through the 1}-in. 
air line or into the space between the well casing and the discharge 
line. By noting the pressure gage readings in each instance, the 
friction loss (assuming that there is no loss by friction when air is 
forced between casing and discharge) is represented by the difference 
in the readings. Corrections were made, of course, for that part of 
the discharge line below the footpiece. 

35 It was impossible to obtain the actual friction loss in said 14- 
in. line by other means more accurate than those employed. While 
some little error may be involved in assuming no friction loss in the 
one instance, a comparison of the loss thus obtained with the theoret- 
ical loss is quite favorable, the former loss being the greater. 

36 Reference to Table 3 will show that the working submergence 
of the new system is less than that of the old, in spite of the fact that 
there is the same amount of pipe in the well in each case. This is 
due to the additional drop in pumping head caused by the increase 
of fluid yield. All calculations of submergence and pumping head 
were made from the observed air pressures after correcting for fric- 
tion losses, etc. The mean of these calculations was verified as far 
as possible by actual measurement. This was done by shutting 
down the compressor after the well had been in steady operation for 
several hours and pulling the discharge line. The point at which the 
fluid stood, while the well was being pumped, was plainly defined on 
the pipe. The time required after shutting down the compressor 
to pull the first “triple” from the well was a fraction less than two 
minutes. Comparison of the actual pumping head and submergence 
thus obtained with those obtained by calculations from the pressure 
gage readings was in each case very close, a difference of 10 ft. 2 in. 
being the maximum. 

37 Acknowledgment of valuable aid during tests is hereby made 
to the following who checked the writer in his various observations: 
On Well No. 32, to Mr. B. Brand, of the Crowley Oil and Mineral Co.; 
on Wells No. 12, 30 and 32, to Mr. Brand, Mr. J. Murphree and Mr.S. 
Bolin, of the Crowley Oil and Mineral Co.; on Well No. 2 of the Mamou 
Power Co., to Mr. J. A.Sonet of that company and his able assistants; 
and especially is the writer grateful to Mr. J. W. Smith for courtesies 
extended during the former’s sojourn on the field. - 
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DISCUSSION 
LIQUID TACHOMETERS 
By AmasaA TROWBRIDGE, PUBLISHED IN THE JOURNAL FOR Mip-OcToBER 


Mr. Sanrorp A. Moss. I have had some experience with liquid 
tachometers and quite agree with all that has been said about the 
excellence of this form of instrument for measuring speed. Per- 
sonally, I believe that a liquid tachometer calibrated by some such 
means as that described in the paper is the only satisfactory form of 
speed-measuring instrument which we have. 

2 I have frequently seen the attempt made to verify a liquid 
tachometer by measuring the revolutions with an ordinary revolution- 
counter and stop-watch, and comparing with the tachometer reading. 
I have found it a common impression that such calibration is neces- 
sary in order to be sure the instrument is in proper working order. 
It seems to me, however, that the only verification needed is to make 
sure that the instrument reads zero when stationary. Particular 
attention should be given to this point and a liquid tachometer should 
be so made as to be very readily set at zero. Some makes are incon- 
venient in this particular. If the instrument reads zero when sta- 
tionary, and if the scale is originally correct, it seems to me certain 
that all other readings will be correct without verification by revolu- 
tion-counter. 

3 In the form of instrument described by Mr. Trowbridge, there 
is a horizontal shaft and a stuffing-box. In practical experience with 
this form of instrument, I have found it difficult to keep the stuffing- 
box absolutely tight and probably some of the troubles attributed 
to evaporation may have been due to a leaking stuffing-box. If the 
instrument can be conveniently stopped frequently to adjust the zero, 
a slight leakage will give no difficulty. To do this is often very incon- 
venient, however, and the instrument must be used without stopping 
for perhaps a day at atime. In such cases the necessity for resetting 
the zero is a very serious matter. A form of instrument with a 
vertical shaft has been proposed, in which this difficulty is obviated, 
I hope a precise instrument of this form will be made commercially, 






































THE ENGINEER AND THE PEOPLE 
By Morais L. Cookr, PuBLISHED IN THE JOURNAL FOR Mip-OcToBER 
ABSTRACT OF THE PAPER 


Many present-day conditions, among them the broadening of 
human knowledge, and the generally recognized necessity for codper- 
ation, will force the engineering profession and the individual engineer 
to take a more direct interest in affairs affecting the public. This will 
be especially true in matters involving engineering. A corresponding 
change is already in progress in other professions, notably in the medi- 
cal profession. If engineering is to take full possession of the field 
which the public is willing it should occupy, more effort must be put 
forth along lines of purely public interest, and every opportunity be 
given the public to codperate with the engineer. To execute this 
general policy the appointment is recommended of a standing com- 
mittee to be known as The Committee on Relations with the Public. 


DISCUSSION 


Dr. Atex. C. Humpureys. I find myself very fully in accord 
with Mr. Cooke’s proposition and arguments, and I might almost 
be willing to let my discussion consist simply of this expression of 
agreement; but by direct reference to certain parts of the paper, I 
may add emphasis to Mr. Cooke’s main proposition—that this Society 
should in a definite way recognize and meet its responsibilities to the 

* public. 

2 As individuals our responsibility increases as our capacity for 
service increases: with increased power comes increased responsibility. 
As engineers, we must bear a definite responsibility by reason of our 
special training, not only as members of a profession but as citizens 
qualified along certain specific lines. And as individuals, this respon- 
sibility will vary in direction and measure according to our capacity 
to advise along certain well-defined lines. , 

3 Many of the questions most prominently before the public 
today, and receiving constant attention from our legislators, munici- 
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pal, state and national, are involved in the problems of industrial 
management, in connection with which the guidance of the qualified 
engineer, under proper selection, can be made available for the 
benefit of the people at large. 

4 It is manifest that much of our law-making during the past 
few years has been conceived in ignorance and born of misinforma- 
tion. Much of this misinformation has been furnished by doctrinaires; 
not a little of it by technically educated men who failed to recognize 
that eompetency in one line of engineering or industrial activity does 
not necessarily imply competency in all other lines. So the responsi- 
bility rests upon the engineer, not only to use his knowledge where 
it can be employed authoritatively for the public good, but modestly 
to withhold his advice unless his technical training has been ade- 
quately supplemented by practical experience. 

5 Here come in the advantages accruing if this responsibility to 
the public is recognized by such an organization as ours, rather 
than if its recognition is confined to individuals. Advice offered by 
our Society, or by any other engineering society of established repu- 
tation, would be that which had stood the test of discussion and 
criticism by the membership at large or had been carefully canvassed 
by a competent committee, as suggested by Mr. Cooke. 

6 The American Gas Institute, organized some three years ago 
through the amalgamation of a number of the more prominent asso- 
ciations of gas engineers, has two standing committees—with power 
to appoint sub-committees—which have general charge of all investi- 
gations and the procuring of papers for its conventions; these are 
the Technical Committee and the Public Relations Committee. 
That the problems of public relations are more definitely pressed 
upon the attention of the members of the Institute than upon the 
members of the A. S. M. E. is at once apparent, but a little thought 
will go far to convince the indifferent that a considerable number of 
our members are interested in vocations dependent upon a correct 
understanding by the public and its representatives of certain general 
principles of industrial management. 

7 Mr. Cooke says (Par. 22), “It is no longer possible for either a 
profession or a craft to corner information and hold it for its own 
use.” I contend that, if such an attempt is made, the layman, or 
public, will in all probability accept the false instead of the true, to 
the disadvantage of those interested in the profession or craft. This 
suggests as a motive, “ Honesty is the best policy,” but a right course 
taken from a selfish motive is better than a wrong course, and we 
may look hopefully for the development of higher motives later. 
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8 The engineers of this country individually, and still more so, 
collectively, are responsible as units of a self-governing people, to 
guide public opinion aright, wherever they are specifically qualified, 
and so to guide legislative and executive action. Perhaps we may be 
more inclined to recognize our responsibility, if we constantly bear 
in mind that, as engineers, we are not scientists, but that we are 
charged with the duty of practically applying the truths of science 
to the solution of the world’s industrial problems. 

9 This responsibility should be kept constantly before the students 
of our schools of engineering. Especially should this be a feature 
of the instruction in the departments of engineering practice; though 
opportunities for impressing upon students their duty as citizens 
are not confined to any one department. 


Dr. Tatcotr Wiiuiams.! The suggestion in this paper on The En- 
gineer and the People is the natural and fortunate product of the joint 
experience of the mechanical engineer and the journalist, of the lessons 
of the technical school and of the newspaper office. Mr. Cooke has had 
both; few have. Guided by this twin experience of the engineer and 
the newspaper man, he has pointed out why the calling which has a 
more severe technical training than any other and gives this age, in 
the various work and achievement of engineering, its crowning differ- 
ence from other ages, has less weight in public affairs and on public 
opinion than any other. Engineering creates modern life. Take 
away engineering, and we are what our predecessors were. Add 
engineering, and the modern world is. 

2 Yet this creation pays less attention to the word of its creator 
than to any other factor in its daily being. What engineer here has 
not seen in some public work or design money wasted today, or waste 
made sure in the near future, for lack of engineering advice known to 
engineers? The contractor overrides the engineer. The builder gets 
the better of the designer. The politician controls the technician. 
The railroad from beginning to end is engineering. Can any man here 
feel that the engineer, as such, in all his various functions, has his fair 
share and say in the railroad? A reader of technical journals from 
my youth up, when I became a reporter, nothing amazed me more, 
after I had read with the keen interest of one who knew only enough 
to admire, of the brilliant skill with which some engineer had made 
the impossible, possible, than to go to report the “ opening” and find 
everybody on hand, and sometimes, everybody’s name on the work, 


‘Talcott Williams, LL.D., of Philadelphia. 
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save the one man who had made it famous, but had not made himself 
known. Somewhere at the back of the platform, if he was lucky 
enough to get there, strolling uneasily around unnoticed, was the man 
who had aright tosay, “Iamit.” As Proverbs has it, when the poor 


” ‘ 


wise man had “saved the city,” no man “regarded his name.” I 
may exaggerate, but I am sure there are men here who have felt the 
proud humility of skill which finds in the consciousness of work done 
a reward greater than any other. 

3 The army engineer officer, it is true, rarely has to suffer this. 
He has his full share of the limelight. But there are several hundred 
civilian engineers working on government jobs, some of them men of 
great ability, as we who read behind and see through the official 
reports know, who have not the position, the recognition or the pay 
for which their work calls. Would it be possible for these men, some 
of them grown gray in government service, to stand where they do, if 
the calling of engineering had the public ear and the attention Mr. 
Cooke urges and proposes to secure? Is it not true that the engineer, 
oftener than any other highly-educated man, sees 


Art made tongue-tied by Authority, 
And Folly, doctor-like, controlling Skill. 


4 The reason is simple. In every social system, a man or men, & 
class or a calling, will have weight, influence and authority in propor- 
tion to its access to the center and origin of authority and power. Let 
this center be the King, as in France for centuries, and the courtier will 
rule, every noble will seek Versailles, and it will be true, as Nicholas I 
of Russia said, when Victoria asked him who his greatest noble was, 
“The one I spoke to last.” Let a class rule and men will sacrifice 
self-respect and become snobs to enter that class or to know its mem- 
bers, as has been true in England under an aristocracy. In a broad 
democracy, the men who have access to the mass are certain to have 
weight. Look at the weight of the lawyer, always reaching the public. 
When in New England men went to church, the minister counted. 
The “ political machine” itself is but a way of organizing the mass vote. 

5 The engineer in all this has the disadvantage of a silent pro- 
fession. His calling is recent. Its work is not understood. Much is 
incomprehensible to the average man. How few men, not engineers, 
can even read with comprehension recent reports on the failures of 
two great bridges at Quebec and New York? The working of a pro- 
posed statute can be made clear to any man; the death-rate from 
disease any community can understand: while to read a strain sheet 
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calis for years of training. It is true of most engineering problems 
and their solution, that even the educated man, much less the mass of 
men, can understand only results. The engineer who secures these 
results, as I have already pointed out, too often fails to get credit. 
Failing to get credit, he fails to have weight with the community, 
which blunders and wanders for lack of his guidance. 

6 The time of a good engineer is too valuable to civilization to be 
used up in mere personal agitation. There is besides something in the 
engineer’s training which makes him an intellectual aristocrat; what 
he knows, he knows. He loathes personally putting himself forward. 
He it not made that way. Words are not his tools. 

7 The practical result is that there is no class so able and so silent, 
none so visible in its work and so invisible in its personalities. There 
is today no body of men, knowing so much, which influences public 
opinion so little, none whose work educates the public, which rules us 
all, so little. Who of you does not know of engineering blunders and 
engineering wastes because the large public of voters and the small 
public of directors are ignorant of what has been done in engineering? 
Both are ignorant because your profession does less than any other to 
educate the public. Look at the work for public health done by 
doctors, for new laws by lawyers, by my own calling in awakening the 
public. The engineer will never stand where he should in the modern 
State, until he too discharges his duty at this point. The doctor has 
his societies, the lawyer, his associations. Are your societies doing 
their share? Neither doctor nor lawyer speaks individually, nor need 
the engineer; let local and national engineering societies speak. 

8 Take the stationary engine. We all know that in this country 
it is insufficiently protected against injuring and maiming and killing 
those at work about it. You know the safeguards that should be 
imposed by law to keep the balls on a governor from slaying, for 
instance, or to make the work of the oiler safer. Some day you will 
face a fool law on these and other points of danger, hampering all 
your work as mechanical engineers. Why ought not your societies 
so guide and frame the laws we are sure to have, to make our engines 
and machines safer? A large concrete construction collapsed in 
Philadelphia not long ago, slaying helpless men, because a contractor 
found it easier to steal professional plans than to hire professional 
skill. Suppose on the heels of that disaster a Philadelphia Society of 
Engineers had spoken through the newspapers clearly, emphatically 
and authoritatively? Was this not as much their duty as for a medi- 
‘al society to deal with deaths from pestilence? 
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9 Each year our State legislatures have before them dubious 
legislation on engineering issues. Some is sentimental ignorance. 
Some is ignorant sentiment. Some is sheer “strike.’’ Some is wise. 
Medical societies take up medical laws. Legal committees and asso- 
ciations educate the public on their subjects. Why should not state 
and city engineering societies have their committees on legislation? 
The newspapers will always gladly print this collective, authoritative 
opinion. They worry you now, individually, for half-baked verbal 
utterances, hastily given and inaccurately reported. 

10 After the Iroquois theatre disaster, every American city tried 
to set its theatrical house in order. At that moment, the careful 
technical utterance of anybody speaking for your profession would 
have been heeded all over the country. If accidents in machines 
causing loss of life were reported upon by mechanical engineers in our 
cities, the public would soon “ stop, look and listen”’ for this utterance 
of the mechanical engineering conscience of the community, as such 
collective opinion would soon come to be. 

11 If this were done systematically, if failures in construction or in 
design in public work had lucid authoritative exposition from engi- 
neering societies, if legislation were followed, if expert remedies were 
proposed by engineers for known evils, the public would come to look 
to these engineering societies for advice and the entire status and 
position of the engineer would change, and he would have the weight 
he should have as the maker of our current civilization, because he 
would be doing his duty in educating the great public, our sovereign, 
yours and mine, our larger self. 


Hon. Georce W. Gururiz.! There are many serious public evils 
of which the people are keenly conscious and which they would like to 
have remedied, but because for want of technical knowledge they can- 
not see a remedy, they hesitate about undertaking any agitation for 
relief. 

2 Merely to point out these evils does not materially help the 
situation; if, however, men whose training peculiarly fits them to 
deal with these questions and whose character and abilities are such as to 
command the confidence of the people, would point out both the evil 
and the remedy so that the people could understand what was needed, 
how to do it, and what it may cost, I believe progress would be more 
sure and rapid. 


‘Hon. George W. Guthrie, Mayor of Pittsburgh. 
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3 I knowitis much to ask, but the reward would be the conscious- 
ness of a great public service and the relief of the people from remedi- 
able evils from which they suffer unnecessarily. 


Mr. Frep. W. Taytor. Mr. Cooke’s paper is so new and advanced 
that at a first reading it is difficult to grasp the everyday practical 
importance of his ideas. And the question which most of us will ask 
is, just what are we to do as a society toward coéperating with the 
public that we are not now doing as individual engineers? For after 
all we are now engaged in our daily work in coéperating either with 
individual members of the public or with the official representatives 
of the public. 

2 It would seem on second thought that there must be a large 
range of subjects in which the Society either through committees or 
through a debating section, or through its employees (the Secretary 
and his executive staff) can coédperate with the public in a manner 
which would be entirely impossible for us as individual engirteers. 

3 Mechanical engineering problems are constantly recurring in the 
management and development of our cities, for example, which if not 
identical are yet similar. And it is to our Society, through its appro- 
priate committees, that public officials should properly look for the 
standards, both mechanical and in method of procedure, which they 
should use in the solution of these problems. 

4 The standards recommended by the committees of our Society 
should have (and in fact have had) a weight and influence far beyond 
that of any individual engineer, however eminent. One of several 
illustrations of this will be found in the standard method of making 
boiler tests recommended by our committee, which has been for sev- 
eral years the standard practically accepted throughout this country, 
and is likely to remain so. 

5 It should take but a few years of active help and codperation 
with the public for us to become the accepted authority to which 
both the legislative and administrative branches of our municipal, 
state, and national governments would turn both for general advice 
in framing legislation, drawing specifi@ations, etc., and in the selec- 
tion of engineers to carry out our public works. 

6 As we all know, our most able and public-spirited Secretary has 
gained the complete confidence of the Administration at Washington 
by the efficient manner in which he helped the President in making a 
success of the White House Conference on the Conservation of our 
National Resources. 
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7 But few of our members, however, have heard of another in- 
stance in which our Society has been of great help to the Administra- 
tion. Mr. Rice, this summer, and on very short notice, at the request 
of Dr. Rowe, chairman of the Delegation of the U. 8. to the Pan-Amer- 
ican Scientific Congress, secured 16 papers, some of them written by 
the most prominent engineers in their specialties, in this country, 
which are to be read at the First Pan-American Scientific Congress 
in Santiago, Chile. These papers should be of the greatest interest 
to our neighbors in South America, and should materially help in 
promoting friendly relations with them, and incidentally should 
direct their attention toward American engineers, and our standards 
and methods. 

8 Das Verein Deutscher Ingenieure, certainly the largest engineer- 
ing society in the world, and in many respects the most successful, 
has established perhaps more intimate and useful relations with the 
people and the government than any other engineering association. 

9 Their committee on education, for example, has proved itself 
of so great practical value to the German government and to the 
engineering and technical schools, that no important step in this edu- 
cational field is taken without obtaining their advice. 

10 Our society has as yet appointed no committee on engineering 
education, although we have recently named two members on the Joint 
Committee for the Promotion of Engineering Education, appointed 
by the four large engineering societies and the American Society for 
the Promotion of Engineering Education. 

11 Mr. Cooke’s paper presents a large and almost unoccupied field 
of usefulness for our Society, and I trust that we may not be slow in 
acting upon his suggestions. 


Dr. ArtHuR T. Hapuey.' I have read this paper with great inter- 
est. I believe that the engineering profession will not reach the high- 
est position of influence which lies open to it until it has appreciated 
more fully than it now does the lines of opportunity indicated therein. 


Mr. Frank Mites Day.’ This paper is significant of a broadening 
conception of the duties of the professional man, which is in itself but 
a part of the broadening conception of thedutyof everyman. Atlast, 
though still dimly, we are beginning to see that the welfare of all is 

‘ Arthur T. Hadley, LIL..D., President of Yale University. 


?Mr. Frank Miles Day, Architect, Philadelphia, Pa., lecturer on architecture 
at Harvard University. 
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of deeper concern than the welfare of the individual, and as a part of 
this vision, it follows that the professional society at last apprehends 
that it owes a duty to the public quite as much as to its members. 

2 I can hope to throw only a side light on the subject which Mr. 
Cooke has so suggestively illuminated, and that light, if Iam able to 
throw it out at all, must come from my own profession—architecture. 

3 The architect’s work being so much in the eye of the public, the 
fact that the individual practitioner has a distinct duty to the public 
has long been recognized, and of late years the duty of organizations 
of architects throughout the world to the public has been increasingly 
recognized; indeed the discussions of the great parliament of archi- 
tects, the International Congress, are more largely devoted to ques- 
tions of public utility than of the welfare of the profession. 

4 Judging from the experiences of a sister society, the Ameri- 
can Institute of Architects, there is a field of great utility awaiting 
the efforts of The American Society of Mechanical Engineers. The 
Institute, though it has occupied the field by no means as fully 
as might have been desired, has found many opportunities for ser- 
vice to the public. The movement for civic improvement which 
has made such strides in America has been notably fostered by the 
Institute and its members. In many of the larger cities, the local 
chapter of the Institute has taken the initiative in such matters and 
many civic improvements growing out of such initiative are now 
being seriously studied or are in course of execution. 

5 Among these is the Commission for the Improvement of Boston, 
established at the instance of the Boston Society of Architects, and 
now doing serious work upon a most extensive scheme. This Com- 
mission has before it projects which for two years or more have received 
most careful study by the Society and which are presented in the form 
of admirable drawings and descriptions. 

6 In Cleveland, Ohio, the local chapter of the Institute gave the 
impetus that resulted in the appointment of an expert commission 
whose splendid plan for the grouping of public and semi-public build- 
ings is now being carried into execution. 

7 Atthe Capitol of the nation, the Institute itself was instrumental 
in securing the appointment of an expert commission whose members 
served without remuneration, and formulated plans so convincing 
by the authority of their excellence, that Washington already seems a 
different city by virtue of work carried out in accordance with them. 

8 Although in these and many other instances, the Institute has 
done notable work in assisting municipalities to solve difficult problems 
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worthily, there is still a steong feeling among many of its members that 
the Institute is not closely enough in touch with the general public. 

9 To improve this relation, the last convention directed that a 
Committee on Relations with the Public be appointed. Although 
there has not as yet been time for extended work on the part of this 
committee, its program includes: 


a An attempt to secure through the lay press, more worthy 
criticism of important buildings as they are from time to 
time completed, more adequate reports of the annual con- 
vention of the Institute, and more intelligent notices of 
architectural exhibitions. 

b A series of magazine articles on the status and duties of 
the architect, on good and bad professional practice, on 
the evils of ill-regulated competitions and on kindred sub- 
jects. 

c An effort not only to interpret the aims and ideals of the 
profession to the public, but to assist the public n the 
conception that architecture is one of the fine arts. 


10 It is hoped that something may also be done to impress upon the 
public the need of sound training for the architect, something that 
may help to deter the half-prepared or wholly unprepared youth 
from attempting a career that requires the fullest preparation, a prep- 
aration not merely of a highly special and technical character but a 
foundation of broad general culture equivalent to that indicated by 
the degree of Bachelor of Arts. 

11 The Institute, from time to time, shows its interest in matters of 
import to the public by holding open meetings at which such subjects 
are discussed, or at which it evidences its interest in the sister arts 
of painting and sculpture by giving exhibitions of them. For exam- 
ple, at the approaching convention of the Institute, the matter of 
chief public interest will be a splendid collection of the works of 
Augustus St. Gaudens to be exhibited at the Corcoran Gallery under 
the auspices of the Institute, at which time the Secretary of State and 
the French, English and other ambassadors will deliver eulogies of 
St. Gaudens and his work. 

12. Upon one matter which Mr. Cooke has approached I would say a 
few words. The relation of technical, artistic and learned societies to 
ach other is an important one. At present, these relations are by 
no means as close or profitable as they might be. To speak only of 
mechanical engineers and architects: it is fair to say that owing to the 
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necessity for the services of engineers of high attainment in designing 
the mechanical and electrical equipment of modern buildings, archi- 
tects and engineers have been brought into much closer touch than 
formerly, and to their mutual advantage. But this is an individual 
affair. Cannot the architects as a body, through their Institute, be 
of service to the engineers as a body through their Society and con- 
versely cannot the Society be of use to the Institute? 

13 With this significant question, I leave the discussion, again 
thanking Mr. Cooke for his most illuminating paper. 


Mr. H. F. J. Porter. Every member of this Society presumably 
belongs to one or the other of the two classes, the employed and the 
employer, which compose “the people” to which Mr. Cooke refers, 
and if he is as progressive as all of our members are supposed to be he 
should desire to see the conditions which affect each of these classes, 
as well as their relations to each other, improved. 

2 That need for such improvements exists is evident, on the one 
hand from the contents of papers presented to this Society and to the 
“Societies for the Promotion of, ” respectively, ‘“‘Technical’’ and “‘In- 
dustrial’ Education, on the subjects of shop organization and manage- 
ment, and on the other hand from the recent establishment of courses 
of instruction in those same subjects in the] representative technical 
schools and colleges throughout the country. That these improve- 
ments are expected to be brought about largely through the instru- 
mentality of the members of this Society is indicated by the fact that 
many of the latter are in great demand as specialists in reorganizing 
shops and in improving their systems of management and are being 
appointed on the staffs of lecturers in these schools and colleges. 

3 Tono man is presented a greater opportunity to wield a perma- 
nent influence over his fellow men than to the employer; for he directs 
the thoughts and actions of his employees through the major portion 
of their waking hours, and according to his use of that opportunity 
he may become a power ‘to uplift or to degrade them and his obliga- 
tion to his country as a citizen is thereby involved. 

4 I have known an employer for whom, as he expressed it, “the 
best was none too good,” whose plant was in every respect a model 
one and who was still soliciting from his employees and from outside 
specialists suggestions for its further betterment. His work rooms 
were not only well lighted and ventilated, but the air was filtered and 
maintained at a constant temperature by regulating apparatus, 
summer and winter, and the other sanitary appliances were equally 
modern. A wash room on each floor was supplied with hot and cold 
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water, soap, towels and clothes lockers. A simple and wholesome 
lunch was furnished at cost amid attractive surroundings. Technical 
and popular literature was supplied with the privilege of taking it 
home. A beneficial organization fostered by the company supplied a 
doctor whose duty was to prevent sickness and keep every one in 
efficient working condition. Long-service pensions tended towards 
permanency of occupation. Many of the employees held stock in the 
enterprise which was paying handsome dividends. The employees 
were receiving the highest wages paid in the industry. They were of 
the highest grade and were giving their best and willing service. 

5 Another employer, the conditions of whose shop as regards 
comfort, health and working facilities, were,so wretched, and the 
treatment of whose cheap (?) help was so bad that no self-respecting 
man would submit to them, repeatedly refused to supply any washing 
accommodations in his plant, until the Molders Union obtained the 
passage of a law by the State Legislature requiring Foundries to 
supply wash rooms and the State Commissioner of Labor forced him to 
act. He then complied with the letter of the law by installing some 
sinks in a dark cellar of an adjoining building, so inconvenient of 
access by the molders that they would never go there, and then 
gloated over his shrewdness in circumventing their plans. He was 
losing money every month and finally conceived the idea that all 
he needed to make the place pay was to install a cost system. He 
stated that there would be no difficulty in introducing any system 
or methodsin his organization as “ he had his men thoroughly cowed.” 

6 It does not require a very vivid imagination to appreciate 
the difference in the effects produced by the methods of these two 
men on their organizations and on the communities in which their 
shops were respectively located. 

7 These are two extreme types of employer and there are many 
intermediate ones, but there is a large class of employers not gener- 
ally recognized by that name, and yet who are a potent element 
in affecting the relations between capital and labor in which “the 
people” are so vitally interested. This is the rich man, oftentimes a 
banker, who has acquired the controlling interest in a successful 
enterprise by advancing money to it on account of some friend who 
has become involved in it. He is an employer by accident. He 
takes no further interest in the affairs of the enterprise than to get a 
return on his investment. He puts in charge as manager his friend, 
who possibly through his ignorance of the principles of management 
was the original cause of its lack of success. His constant injunction 
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is to “ keep down expenses.” The manager gets financial assistance 
in driblets, for the absentee employer is enjoying himself abroad or on 
his yacht or is engrossed with his other pleasures and does not wish 
to be bothered. The low wages, the lapsed pay-days, the frequent 
lay-offs due to lack of supplies, the unpaid bills for material purchased, 
are not only the far-reaching causes of inconvenience but sometimes 
of absolute misery. Such employers consider too lightly the social 
and economic effect of their methods on “the people.”’ 

8 There is little wonder that the labor unions have gained adher- 
ents to their ranks, and have found plenty of incentive to use extreme 
methods in fighting to secure better conditions for their members. If 
there were no such employers there would be no reason for unions of 
the type that now exist. Many employers have yet to learn how 
dependent they are for the success of their ventures, upon their treat- 
ment of their employees, which involves their families and the com- 
munity about them. 

9 Your members who are engaged in the work of reérganizing 
shops will witness that alarge proportion of failures in industrial enter- 
prises are due toarbitrary methodsofmanagement. Owing tointernal 
improvements in industrial establishments brought about by com- 
petition and the general advance of the times, changes in the methods 
of management of the past have become necessary. These changes 
are directed away from the centralized or one-man source of authority 
towards distributed power or committee management. The execu- 
tives of our largest industrial enterprises are urging their employees 
to become stockholders, and thus part owners, having a voice in 
their policy of management. 

10 This is a repetition in the field of industrial government of what 
has taken place in national and religious government, viz: a change 
from the monarchic or autocratic rule, which was synonymous with 
tyranny and oppression, to more liberal methods as exemplified in the 
democratic form of government. This change is not occurring with- 
out a struggle. There are still plenty of members of the old school 
who believe in a ruling class and a subject class, and that the latter 
have no rights not allowed them by the former. But the over- 
whelming force of the tide of democracy which we have recent'y seen 
sweep away the old order of things successively in Japan, Russia, 
Turkey, Persia, and China, is making its inevitable inroads in industry 
to the financial and social betterment of everybody involved. Even 
children are being taught self-government in their “School Cities,”’ 
the George Junior Republic and the juvenile courts, and the “honor 
system” has come to stay in the colleges. 
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11 Realizing the far-reaching effect upon the industrial future of 
the countsy of the failure of the employer to realize the obligations 
which his privileges entail, efforts have been recently made, by those 
engaged in the work of shop reérganization, to establish a platform 
from which they could present their experiences that others might 
profit from them. Until the present time these efforts have seemed 
to be premature. 

12 Now that our Society is enlarging its scope and offering oppor- 
tunities for the establishment of sections, to the membership of which 
others than those qualified as engineers are eligible, it seems to me 
that the opportunity is here presented for managers and those inter- 
ested in management to get together for the interchange of views and 
the discussion of those questions which have so important a bearing 
on the industries of this country, and therefore upon “the people’’ 
at large who are directly affected by them. 


Mr. Artuur L. Cuurcu.' In my invitation to discuss this paper 
reference was made to the methods by which the University of Penn- 
sylvania keeps itself before the publicin order that the public may take 
an intelligent interest in it. Special reference was made to the pub- 
licity given the dedicatory exercises of its new engineering building. 

2 The primary object of those in charge of the ceremonies was 
to dedicate the building in a manner befitting the dignity of the 
University and the importance of the event. Preparations were 
begun nearly six months in advance. The Provost of the University 
appointed a committee, with the head of the bureau of publicity of 
the University as its secretary. This committee, having the power 
to add to its own number, selected members from the trustees and 
engineering graduates from 1874 to 1901. These were divided into 
sub-committees on invitations, exercises, reception, publicity, finance, 
and dinner. Communications were established between this general 
committee and representatives from each graduated class of the Uni- 
versity. The cost of the day’s exercises and entertainment was 
about $5000, which was raised by the finance committee, chiefly 
among graduates of the engineering courses and engineering establish- 
ments in the vicinity of Philadelphia. The publicity given the event 
in the daily papers was chiefly due to the secretary of the general 
committee, Mr. George E. Nitzsche, and that given by the technical 
press to Dr. Henry W. Spangler and Dr. Edgar Marburg. 


Mr. Arthur L. Church, of Philadelphia. 
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3 About 23,000 invitations were issued, and representatives were 
present from institutions of learning, technical societies, and foreign, 
national, state and city governments. Degrees were conferred upon 
distinguished engineers; an address was delivered by Provost Harri- 
son and by Dr. Alexander C. Humphreys for civil engineering, and 
Dr. Frederick W. Taylor for mechanical engineering; 2000 guests 
were entertained at a luncheon and 250 at a dinner, at which speeches 
were made by well-known professional men. 

4 I heartily agree with Mr. Cooke’s suggestion that technical 
societies should take an active and altruistic interest in questions 
affecting the public weal. This has been done in many instances by 
the Franklin Institute of Philadelphia and I believe it accounts in 
some measure for the hold which that institution has on the public and 
the interest which the public takes in its welfare. 


Pror. A. W. Mosetey. It must be admitted that the greater part 
of the work done by the mechanical engineer is of a kind that is 
unseen, unknown and unappreciated by the general public. Civil, archi- 
tectural, naval, and certain other great divisions of engineering are 
more fortunate than we in this respect. It is true that an occasional 
pumping or power station, or locomotive, or “Machinery Hall” 
attracts general attention, but so many of our structural activities 
are confined to dark basements, narrow passages, and crowded shops 
and factories that they are known only to those who are brought into 
contact. with them by their daily occupations. 

2 It is fortunate that industrial engineering, so-called, is largely 
a problem of the mechanical engineer and is receiving well deserved 
attention from him. An intelligent and unselfish meeting of his 
opportunities in this field will bring him before the public in a more 
evidently useful and generally prominent light than ever before. 
For instance (and this is one of the problems of the industrial engi- 
neer), it is impossible to over-estimate the good that would be brought 
about were this Society, as a Society, to takeastand for the universal 
introduction of safety appliances and were every member to urge 
such adoption in all instances met in his practice. 

3 But there is the esthetic side as well as the ethical. Do we 
mechanical engineers give enough weight to the element of beauty in 
our designs of machines and in our layouts? The following quotation 
is from Dr. Waddell’s De Pontibus: “In all structural work the 
subject of esthetics must be duly considered: and all designs are to be 
made in harmony with the principles thereof, to as great an extent as 
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the money available for the work will permit or the enviconment of 
the structure calls for.” This quotation is given because it is so well 
expressed and not because it is believed to be necessary to turn to 
another branch of engineering for such a statement. “Money avail- 
able” and “environment,” these are the sticking points. But more 
money is being made available, and with it, better environment; and 
the opportunities of the mechanical engineer to devote serious atten- 
tion to esthetic features are increasing daily. Here, too, he will 
meet the public and the public will thank him. 


Mr. JAMEes M. Dopce. Iam convinced that the suggestions of the 
author have touched sympathetic chords in the minds of all of us. 
I believe every one realizes how much in connection with the subject 
has not occurred to him before in crystallized form. I personally feel 
as I have felt when after reading an able editorial I am prompted to 
say, “That is exactly what I thought,’ but if any one had asked me 
to tell exactly what I thought before I had read the editorial I would 
not have covered myself with glory. It is not necessary now to 
consider ways and means for putting Mr. Cooke’s suggestions into force 
because I believe now that he has set the ball rolling, it will never stop, 
but rather be accelerated in its progress by the professions for all time 
to come. 


Mr. AmsBrose Swasey. The field of the engineer is already very 
broad, much broader than when I joined this Society as one of its 
charter members. But there are still broader fields ahead of us, and 
I think this paper contemplates our entering these larger fields of 
usefulness. 

2 A few days ago I had a talk with Congressman Burton. As you 
know, he has for several years been Chairman of the Rivers and Har- 
bors Committee, and is one of the able men in Congress. In speaking 
of the work of the engineer in connection with this conservation move- 
ment, he said, “By all means the engineer should be found in the 
front rank, for he is a most important factor in this splendid work 
which “we are about to undertake, a work of which we have just 
reached the edge, and which will go on and on, increasing as the vears 
progress. ” 

3 What Mr. Cooke has said means a step in advance for this 
Society and for the engineers of this country. It means that weare 
going to pay more attention to public matters, not simply to our 
private interests, but to the good of the people as a whole. In this 
connection I wish to present the following resolution: 
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4 Resolved, that we recommend tothe Council the appointment of 
a Professional Committee, to investigate, consider and report on the 
methods whereby the Society may more directly coéperate with the 
public on engineering matters, and on the general policy which should 
control such coéperation. 







Mr. CHARLES WALLACE Hunt. This resolution, which Mr. Swasey 
has proposed, is really broadening the work of the Society. It may 
become a national engineering and economic movement, which may 
develop later as asection of the Society. With that in view, I second 
the motion made by Mr. Swasey. [The resolution was also seconded 
by Mr. Fred. W. Taylor and unanimously adopted.—Eniror. ] 









Pror. F. R. Hurron. It has been suggested, in pursuance of the 
recommendation of Mr. Cooke (Par. 6), that a Committee on Rela- 
tions with the Public should be created, following the analogies of the 
other Standing Committees of the Society. 

As this calls for an amendment to the Constitution, which it is notin 
order to present to this meeting, I will at this time only give notice 
of the purpose, pursuant to the provisions of the Constitution, to 
amend Article C45, at the Spring meeting of the Society, at which 
such amendment can come up for discussion. 













Mr. OBERLIN SmitH. I agreein general with the views of Mr. Cooke 
and his idea of a standing committee upon Relations with the Public. 
It may be that such a committee might also act as a Committee upon 
a “Code of Ethics” a matter which other societies are taking up and 
which we certainly cannot afford to neglect. 

2 It is true that engineers as a body live too much to themselves 
and for their work, and do not sufficiently affiliate with the public 
in general. Perhaps we are too busy and too modest to attend to 
anything but our own work, or to exploit ourselves before an admir- 
ing public. The present condition is partly our own fault, and I 
would here urge, as I have in an annual address upon previous occasion, 
the higher self-cultivation of all engineers, in whatever branch of 
the profession. It is much to be regretted that, with the exception 
of West Point and Annapolis, few of our colleges and still less our 
technical schools, pay enough attention to this matter. In further- 
ance of these ideas, would it not be a wise policy for this Society to 
urge upon the technical schools of our country the adoption of broader 
and more liberal schemes of education, especially during a student’s 
earlier years, that he might be caught (and taught) young? 
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3 From another point of view the public at large are to blame 
for not more thoroughly cultivating and recognizing engineers as the 
men who are creating, developing and maintaining the whole fabric 
of modern civilization. Many of them are doing splendid work in 
musty offices and drafting rooms for very moderate salaries, while 
the men who are exploiting and financing this work (with much less 
education, and in many cases smaller brains) are getting the big 
salaries and enjoying the credit of developing great industries and 
inaugurating public works. 

4 This public has not yet even learned, in many cases, the dif- 
ference between the machinist who shapes the iron into a steam 
engine, or the engineman who oils and cleans it and watches it run, 
and the professional engineer who, with the necessary ability, edu- 
cation and experience, has designed it. Surely it is to be hoped that 
our nomenclature will be improved in this respect, that we either will 
drop the name of engineer or try in earnest to limit it to professional 
men, using other names for the entirely different lower grades just 
mentioned. 

5 It is also sincerely to be hoped, and I think with a good chance 
of early realization, that professional engineers, with their carefully 
trained minds, their years of experience in administrative work and 
their logical habits of thought, may occupy more of the public places 
of our land. Knowing what our profession is and does, it seems 
remarkable that it is not more often represented in the halls of Con- 
gress, in the Cabinet and even in the White House. 


Tue AvutHor. The engineering profession may almost be said 
to accept the conception of its duty toward the public as outlined in 
this paper, since all the discussion before the Society, in the technical 
press and elsewhere, has apparently been favorable. Even those who 
place the highest value on the work of the engineer are willing to 
admit that he has failed in this public function. There is little 
therefore to be gained from further discussion. Carlyle has said that 
“The end of Life is an Action, not a Thought, though it were the 
noblest.” This injunction comes with added weight to a profession 
that stands for action, not speculation. 

2 It is not too much to expect that The American Society of 
Mechanical Engineers should lead in the work of transforming this 
thought into action. Already its committees are showing in their 
various plannings the quickening thrill of a broader vision. It is 
nevertheless true that the Society acting as a corporate entity can 
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be effective in this work only as the individual activities of its mem- 
bers make it possible and as it is held up to the work by what may be 
called the suggestive influence of individual members. 

3 May there not be danger that our progress may be retarded by 
our holding back as a Society and as individual members in order to 
take part in some great work which is to benefit the public in a large 
way? Doubtless there are such undertakings ahead of us. But 
one small piece of engineering work of a purely public character 
done by an engineer or an association of engineers with the utmost 
efficiency and done at once will advance the whole program more than 
would the proposing of a dozen more ambitious schemes which might 
one by one die in the process of being discussed. 

















DEVELOPMENT OF THE HIGH SPEED MILLING 
CUTTER, WITH INSERTED BLADES, FOR 
HIGH POWERED MILLING MACHINES 


By Witrrep Lewis anp Wm. H. Tayior, PusuisHep in Tue JOURNAL FOR 


Mip-NoOvVEMBER 


ABSTRACT OF PAPER 


The main point in the milling cutter here shown and described is the 
use of inserted helical blades of high speed steel, mounted in a steel 
holder to give a solid backing for the blades on the driving side, against 
which they are held by a soft metal filler on the opposite side, thus 
giving a uniform support for the cutter blade on both sides from end 
to end. 

Another point is the form of groove adopted to give a slight curva- 
ture to the blade across its width, and thus favor the realization of a 
lip angle from the cutting side. Not only are the blades held more 
securely in position by the method adopted, but they are also more 
easily removed when damaged, and new blades can be easily inserted. 

The cutting power of a milling cutter built up in this way appears to 
be beyond the capacity of any machine now on the market, and the 
endurance of the cutters, as far as experiments have been made, is 
phenomenal. 

DISCUSSION 


Mk. Frep J. Minter. Most of us are, of course, familiar with the 
fact that milling cutters were first used generally for producing forms 
otherwise difficult to produce at reasonable cost. Parts of small 
arms and similar things were thus produced as the next step in ad- 
vance of filing them to the required form and dimensions. Cutting 
the teeth of gear wheels was one of the first if not the very earliest use 
of the milling cutter. 

2 In all such work the form of the cutter and the ability to keep it 
near its original form until worn out were the chief considerations; 
as indeed they still are for many kinds of work. This, more than 
anything else, probably, has led to the almost universal use of the 
radial front face for the teeth of milling cutters; because only by 








382 DISCUSSION 


having radial front faces could the problems connected with forming 
cutters and maintaining their forms be sufficiently simplified to be at 
all practicable. This seems to have led to what may be called the 
traditional practice of making the front faces radial in all cutters 
—even in the plain, solid, spiral cutters whose only office is to remove 
metal from a plane surface and which can as well be made and 
sharpened if they have front rake as with radial surfaces for the front 
of the teeth. 

3 Radial surfaced teeth can scarcely be said to cut. They push 
and jam the metal off. When heavy cuts are taken this jamming 
becomes a serious matter and front rake is almost a necessity. Even 
a little front rake is very advantageous when the mere removal of 
metal from a plane surface is the object sought and it seems likely 
that such rake will become as common for milling cutters used on 
such work as it now is for lathe and planer tools and for the same 
reason. 

4 Referring now to the tables at the end of the paper, I would 
suggest that in the heading of the last column in each table the words 
“per minute” be added. The figures given in these columns really 
mean the horse power per cubic inch of metal removed per minute. 
I would suggest also that another column be added to these tables 
giving either the cubic inches of metal removed per minute per inch 
width of cut, or, the number of pounds of metal removed per minute 
per inch width of cut. 

5 Comparisons of the efficiency of cutters can be made only upon 
their performance per unit width of cut. For example, I find that 
the maximum performance shown in Table 1 is, the removal of 1.82 
Ib. of cast iron per minute per inch width of cut; the cut in this case 
being 3 in. less than the length of the cutter. This is at the rate of 
7 cu. in. of cast iron per minute per inch width of cut. 

The maximum performance shown in Table 2 is the removal 
of 0.74 lb. of 30 point steel per minute per inch width of cut; or, 2.62 
cu. in. per minute per inch width of cut. The cut and the cutter are, 
in this instance, the same width. 

7 In Table 3 the maximum performance shown is the removal of 
6.56 cu. in. of steel per minute per inch width of cut. 

8 These figures enable us to compare the performances on cast 
iron with those on steel, which the figures given in the table do not; 
and they show also the performance of the cutter as distinguished 
from that of the machine which drove it. The width of the surface 
from which a given cutter can remove a given quantity of metal per 
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unit width of cut depends upon the machine which drives the cutter 
and supports the work. 

9 The performance of the cutter is shown by the work it can do per 
unit of time per unit width of cut; the power and efficiency of the 
machine by the number of those units of width of cut for which it 
will stand up and do its work satisfactorily. 


Mr. OBERLIN SmitTH. I want to ask the authors of this paper what 
they found to be the best lubricants (or “coalicants”’) for cast-iron, 
for mild steel and for brass respectively, also the best angle of rake, 
that is the angle with the radial line, in lathe-work, etc., respectively 
for the three metals mentioned. 

2 Changing the subject a little, I ask the membership in general 
if they have had any experience either with boring tools or milling- 
cutters made by inserting a set of blades into grooves in wooden 
patterns, and molding them so that they remain in the sand for the 
casting of a hub or body about them, the same being hollow to go on a 
boring-bar or having a shank of its own toinsert in a milling-machine 
spindle.. I had some experience years ago in making such tools of 
from three to nine inches in diameter of mushet steel, finished in a 
grinding-lathe. It is not practicable to use carbon steel, as heating it 
for hardening is apt to crack the iron hubs. No doubt this scheme 
has been tried by a good many people, but with what success? 

3 Doubtless high-speed steel cutters could be cast in this way, 
provided the heat of the cast-iron would not anneal them too much. 
That is a point to ask Mr. Taylor or Mr. Lewis about, or any one who 
has found out anything about it. Is there any practical way of 
using high-speed cutters, and casting them into a hub of iron? It 
is obvious that a large-toothed cutter can be made more cheaply in 
this way than in any other, but we do not want the slow speeds of 
mushet steel. 


Mr. Frep W. Taytor. The writers of this paper, as well as that 
of Mr. DeLeeuw, speak of the “lubricant” used upon the tool and 
Mr. Oberlin Smith has just spoken of the best “lubricant”’ to use on 
a tool. In taking a heavy cut with a tool, in fact in doing any 
metal cutting in which a chip runs continuously across the lip- 
surface of a tool (except in the case of a light finishing cut) is it 
possible to get any lubricant between the chip and the tool? In 
cutting steel the tool receives a pressure from the chip of about 
180,000 Ib. per square inch at the spot where the chip rubs upon it. 
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Is it possible to get any lubricant between two surfaces, one of 
which is forced against the other with a pressure of 180,000 lb. per 
square inch on an average, and in which one surface is continuously 
moving past the other at the rate, we will say, of 40, 50, 60 or 70 
ft. a minute? 

2 I think this is utterly impossible when the nose of a tool is 
buried in the steel as it is in taking a roughing cut. The word 
“lubricant” is a survival from the practice of pouring a light trick- 
ling stream of water or oil on a finishing tool from a small water can 
supported above the tool, the function of the water or oil being to 
produce a polishing or burnishing effect upon the work. Water 
was not used in this way to cool the tool and was confined to finish- 
ing tools. Doubtless under a light finishing or scraping cut at the 
last instant a small amount of water or oil does find its way between 
the tool and the work. 

3 On heavy roughing cuts, it is impossible to get any lubricants 
between the chip and the tool surface. It is, however, possible and 
desirable, in almost all roughing cuts, to have either water or oil 
thrown upon the chip and the tool for the purpose of cooling them, 
since, as pointed out by the writer in his paper, On the Art of Cutting 
Metals, a tool cooled in this way can cut from 15 to 40 per cent faster 
than a tool running dry. Cold water is the best conductor of heat, 
better than any of the oils, therefore it is the best of the cheap cool- 
ing-mediums to throw onto a tool. The only object of putting soap 
in the water on heavy cuts, or of putting soda in the water, is to stop 
rusting on the machine or work when the watersplashesover. Cold 
water is the proper thing to pour on a milling-machine of this type. 
It cools better than any other cheap material known, and the cooler 
it is the better. The use of soda in water, or the substitution of oil 
for water on roughing cuts, is merely to stop rusting. 


Mr. A. L. Detzeuw. Mr. Taylor’s remarks upon lubricants brings 
to mind an experience I had just about one year before the famous 
Taylor-White steel was brought out. High speed for tools was in the 
air, and I tried to get results which have since been accomplished in an 
entirely different way, by simply cooling the tool and the chip. 
Realizing that it was impossible to force a lubricant of any kind 
between the tool and the chip, and that at the same time forcing the 
lubricant somewhere else would not cool the cutting peint of the tool 
sufficiently to keep it from burning out, I had a ring constructed and 
attached to the compressed air supply. The ring was provided with a 
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number of small holes focusing at a common center and so adjusted 
on the lathe, as to bring the focus of all these small streams of air 
some little distance from the tool point. The air expanded, forming 
a center of refrigeration easily determined by a thermometer or by 
the finger. By adjusting the ring in such way that the center 
of refrigeration coincided with the cutting point of the tool, it was 
possible—and that was a year before the high-speed steels were 
brought out—to turn cast iron which had been rejected on account of 
its hardness, at the rate of 168 ft. a minute, and I do not know how 
much faster, because the lathe would not pullit. It was even possible 
to run steel at the rate of 250 ft. a minute, and I do not know how 
much faster it might have been run, if the lathe had allowed it. 

2 This brings out strongly the same point Mr. Taylor has made, that 
the lubricant simply cools the tool. There is no object in cooling the 
chip, but of course we cool the tool by also keeping the chip cool. 


Mr. OBERLIN Situ. I want to go the gentleman who has just 
spoken one better. Some years ago,'before high-speed steels came up, 
I came to the conclusion that all that is wanted is to cool the tool. 
The coolest thing I could get was liquid air. Procuring a can con- 
taining 15 gal., and taking every precaution to keep it in a liquid con- 
dition, I rigged up on a lathe an ordinary two-quart can with a } in. 
pipe and spigot, and filled it with liquid air. I covered it with flan- 
nels, and tried to get some of it on the tool, but it would not run. 
The reason of course was that it expanded so fast in the small pipe 
that as a gas it pushed the liquid back into the can and held it there. 
The pressure upon the atmosphere was so violent that it held against 
a head of several inches. I then put in a #-in. pipe, but it would not 
run. With a 3-in. pipe it did run but of course my supply did not 
last very long. 

2 I have not any accurate records of just what speeds were 
obtained, but I did get a great deal higher speed than with usual 
ordinary carbon steel. With a one-inch drill the speed could be 
doubled in cast-iron. The liquid did not get well down among the 
chips, but if it had been forced down even greater results might have 
been obtained. If liquid air were properly handled and forced 
against the tools it would probably be the best cooling-agent we could 
secure. This, however, would seem wholly impracticable on the 
score of expense. If it could be forced immediately to the machines 
it might be effective, but in the ordinary machine-shop we start and 
stop the tools frequently, and where the pipes would have to be kept 
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well insulated to keep the liquid from getting warm it doubtless would 
not be feasible. 

3 I had thought of patenting the combination of liquid air with 
a lathe milling-machine, etc., but Mr. Taylor’s high-speed steel came 
out and cooled my enthusiasm below the temperature of the air. 
I now hereby give the invention freely to the world—if I am the 
original inventor of it—because I do not know whether it is really 
good for anything, and it is too much trouble to find out. 

4 Itis an open question whether steel gets brittle at low tempera- 
tures and would become so if cooled by liquid air. The metal being 
cut, and the tool itself, would probably become heated enough, 
however, so that there would not be this effect. 


Mr. A. B. Carnart. The subject of lubricants may be a little 
apart from the main purpose of the paper, but the subject should not 
be aliowed to drop where it is, after the remarks of Mr. Taylor. 
Why have great advantages been claimed for many years for lard oil 
and its compounds for lubrication in milling machine operations? 
The advantages of kerosene mixtures are recognized for cutting alumi- 
num bronze castings and such metals. The greater conductivity of 
the lighter oil is easily recognized, but is there no other reasonable ex- 
planation of the predilection in favor of kerosene over the other oils; 
and aside from the rusting tendencies of clear water are there no 
reasons why mixtures of water with various skim milk compounds 
offered as substitutes for lard oil have any real value? If there are 
no advantages in oil other than its non-corrosive qualities, why is it 
that so much of the cutting oil on the market is so strongly corrosive 
of the machine tool members? 


Pror. R. T. Srewarr. In regard to lubrication under high pres- 
sures, there are industries in which that is effective. For example, 
in the cold-drawing of seamless steel tubes, if you attempted to draw 
steel tubes without lubrication, the effort would be futile. If you 
want a reduction in cross-section of say 5 to 10 per cent, you may 
use one lubricant successfully; but if you wish to get a reduction in 
cross-section of say 25 or 30 per cent, by cold drawing, you have to 
use another lubricant, one that is better adapted to the purpose. 
I have effected reductions in cross-sections of 334 per cent, by cold- 
drawing the tube through a die and over a mandril, when using a 
proper lubricant. ° 

2 I should not be surprised, though I have had no considerable 
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experience in using lubricants with tools, if even there they had an 
effect. I do not know what the surface pressure is in drawing a seam- 
less steel tube, but it must be fully as great as the pressure required to 
lift the chip in tool-cutting. Seamless tubes have been drawn of high 
carbon steel, and I should think in that case the pressure would be 
in the neighborhood of 150,000 Ib. per sq. in., at least, and the tubes 
-were drawn quite successfully by the use of proper lubricants. With- 
out the use of lubricants, they could not be drawn. 


Mr. Frep W. Taytor. It appears to me that the two cases are 
not in any way parallel. In the tube-drawing the lubricant can be 
put on the tube before it starts into the die and a certain amount of 
it will remain upon it while it passes through it. But how is it 
possible to make a lubricant run uphill to the nose of a roughing-tool 
which is ploughing its way into a forging and is completely buried 
at all times beneath the chip? It would be necessary for the lubri- 
cant to force its way uphill between two surfaces under 180,000 lb. 
pressure. The nose of the tool is buried at all times beneath the chip 
and the chip travels down on top of the tool continuously at the rate, 
say of 60 ft. per minute. It would be quite as impossible in the case 
of tube-drawing to force the oil up through the bottom or rear end 
of the die between the die and the tube. 


Pror. R. T. Stewart. I believe it is the practice in milling to 
apply the lubricant so that it comes in contact with the cutter before 
it enters the metal, and some of it will surely cling to the cutter, 
just as in drawing seamless tubes. I had in mind the case illus- 
trated in the paper, which is upon milling cutters. In milling it 
is always possible to apply the lubricant to the cutter. 


Mr. Frep W. Taytor. In my preceding remarks I had in mind 
a lathe tool. In the case of a milling-cutter I stand corrected by 
Professor Stewart—it is possible to get a lubricant onto the lip sur- 
face of a milling-cutter before it starts into its cut and in doing fine 
finishing-work with a milling-cutter a lubricant is frequently desir- 
able. The large milling-cutter under discussion is for taking heavy 
cuts and in its case the lubricant is of no-use. In using this cutter 
properly an enormous stream of water is thrown on the blades for 
the purpose of cooling them so as to get a higher cutting-speed. 

2 Answering Mr. Smith’s question as to the possibility of pouring 
cast-iron around a high-speed blade, if you treat the blade so as to 
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give it the best high-speed properties, it must be heated, say, to a 
high heat between 2000 and 2400 deg. fahr., and then cooled con- 
tinuously to below 1200 deg. If during the process of cooling 
from the high heat down to below 1200 deg. it is reheated, even for 
a short time, the high-speed property will largely disappear, and 
if during this cooling operation it is reheated for the space of a few 
minutes, its high-speed is almost entirely lost. Suppose you give 
a blade its high-speed properties by heating it to a temperature of 
2400 deg. and allowing it to cool, and then put this blade back into 
molten iron which is at a temperature, say, of 1800 deg. This 
reheating would largely destroy the high-speed properties of the 
blade. If high-speed steel is heated beyond 1250 deg. and held 
there for two minutes, the high-speed qualities will be almost entirely 
gone. And they will begin to return to the blade a second time 
only after a temperature of 1725 deg. has been passed. Then again, 
even although its high-speed properties were partially restored to 
it by heating it, say, to 1800 deg. the grain would be coarsened to 
a great extent. If high-speed steel is held at a heat above 1800 deg. 
for even ten minutes it will deteriorate, and if held there for an hour 
it will become about as brittle as chalk. 

3 For cutting brass the tool should have very little if any back- 
slope or side-slope. A brass-cutting tool should be almost a scraper. 
Its cutting-edge should not be rounded out in the least, however, 
or allowed to be in the least dull. Brass tools should for the most 
part be whitted after being ground. For phosphor-bronze the rate 
must be different. Tools for cutting steel as hard as fire steel or harder 
should have 5-deg. back-slope and 9-deg. side-slope. For cutting 
cast-iron and medium steel they should have 8-deg. back-slope and 
14-deg. side-slope; for mild steel, 8-deg. back-slope and 22-deg. side- 
slope. 


Pror. J. Burxirr Wess suggested in regard to the plan proposed 
for using liquid air as a cooling-agent that it might be as well to 
conduct the air through the pipes hefore it was liquefied, and allow 
it to liquefy in a spray as it came from the nozzle. It would be 
better than water in some respects as it would not require a drain- 
pipe to get rid of the waste. He asked if experiments had been 
made to ascertain how long oil will stick to the surface of cutting 
tools. He referred to the operation of his viscous dynamometer 
in which metal discs revolve rapidly in a case filled with water, 
which is constantly supplied fresh to keep it from heating unduly. 
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The hands of experimenters had of course been in contact with oily 
tools, but had been wiped as clean as possible with new cotton waste; 
yet it was found that oil enough remained on the hands to lubricate 
instantly the stream of water supplying the case, and reduce the 
friction 10 per cent. On removing the hand, the friction would 
creep back to normal in a minute or two. 


Mr. Mituer. As to the pressures between the cutting tool and 
chips, why is it when you cut steel dry the surface of the chip is 
rough and dry, and when you put water on it the surface which has 
been in contact with the cutting tool is polished? 

2 We all know that in chasing threads in the lathe, especially on 
~ tool steel, lard oil will enable results in the way of a smooth surface 
which are not obtainable by lubricating oils or so far as I know with 
any other substance. If Mr. DeLeeuw noticed whether the surface 
of the chips which were turned from his steel at the rate of 250 ft. per 
min. were smooth as when a lubricant is used, or whether they were 
rough as is ordinarily the case when turned dry, it would throw light 
upon this matter. 


Tue AvutHors. In presenting this paper the authors were well 
aware that they had hardly begun to demonstrate the possibilities of 
high-speed steel in a milling cutter of the type described, and their 
chief object in bringing it to the attention of the Society was to reap 
the benefit of discussion. We are very much pleased, therefore, to 
adopt the suggestions made by Mr. Miller in regard to the tabulation 
of results. 

2 We want to know, of course, the maximum performance of a 
milling cutter per inch of face for every size of cutter made. This 
naturally depends upon the strength of the cutter blade when the 
cutter is short and on the strength of the arbor when the cutter is long. 
We do not yet know on what length of cutter the full strength of the 
driving arbor can safely be thrown, but from experiments we believe 
that the 34-in. arbor used to drive our 8-in. cutter 18 in. long would 
be overloaded before the cutter blades, on an evenly distributed cut. 

3 We also know that the cutting speeds were very low, and that 
with more power and higher cutting speeds our results might easily 
be multiplied two or.three times. The present problem is not what 
the cutter can do, but how it can be driven at its full capacity. The 
discovery of high-speed steel has immediately created a general 
demand for more powerful machine tools, but its adaptation to mill- 
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ing cutters has progressed more slowly and there are no milling 
machines on the market today capable of driving our cutter to its 
full capacity. 

4 Though we do not yet know the capacity of our cutter blades 
per inch of length, we can estimate pretty nearly on the capacity 
of a driving arbor 34 or 4 in. in diameter and, allowing 20,000 lb. 
per square inch as a permissible shearing stress in a 4-in. arbor, we 
find it capable of driving a cut of about 60,000 lb. on the periphery 
of an 8-in. cutter. Our cutting speeds on steel varied from 50 to80 
ft. per minute without distressing the cutter blades at all and without 
any discoloration of the chips, the maximum thickness of which 
seldom exceeded 0.005 in. 

5 In Mr. Taylor’s treatise, On the Art of Cutting Metals, 60 ft. 
is given as the proper cutting speed for a ,*,-in cut, j;-in. feed; 
in Paragraph 1186 it appears that the same cut can be taken with 
a straight cutting-edge 1 in. long at 40 per cent higher speed, or a 
speed of 84 ft., and in the latter case the thickness of the chip is 0.017 
in. It also appears that by the use of water this cutting speed might 
be increased to 110 ft., all on 33-carbon steel. In our milling cutter, 
however, we have a shaving not one-third as heavy, and each blade 
cuts about 5 per cent of the running time and cools off under a stream 
of water during the remaining 95 per cent. The conditions are there- 
fore particularly favorable for a high cutting-speed and it would not 
be at all surprising if we could take a cut of 60,000 Ib. at a speed of 
150 or 180 ft. a minute. This means that 300 h.p. might be consumed 
in milling and that with an efficiency of 75 per cent in the milling 
machine 400 h.p. might be required to drive it. Such enormous 
power concentrated on an 8-in. cutter may yet be realized, but the 
problem will be to design bearings that will carry 60,000 lb. at a speed 
of 75 or 80 r.p.m. They cannot be very long to distribute such a 
load properly and must be kept cool under about 1000 lb. per square 
inch. A machine with half this driving power would be far beyond 
common practice today and it is pretty safe to predict that our milling 
cutter will exceed in capacity any machine that may be built for 
some time to come, except of course when the cutters are short and 
the strength of the cutter blades becomes the limiting factor. 

6 So much for the future development of the milling machine; 
but the all-important factor of interest to the user of the present 
type of milling machine is, how does this cutter compare with the 
various types of inserted blade cutters now in use.“ We have car- 
ried out a series of comparative tests with various types of inserted 
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blade cutters and have found that when operated under exactly the 
same conditions our cutter showed a saving of 50 per cent in con- 
sumption of power for a given amount of material removed, and 
that the life of the cutting edge of the blades was double that of 
other types of cutters where straight inserted blades were employed. 

7 The values of various lubricants and the effects of various lip 
angles on different materials are questions so thoroughly answered 
by Mr. F. W. Taylor that we need say nothing further. 








EFFICIENCY TESTS OF MILLING MACHINES 
AND MILLING CUTTERS 


By A. L. DeLexuw, PuBLisHEeD IN THE JOURNAL FOR NOVEMBER 


ABSTRACT OF PAPER 


This paper points out the desirability of indicating the power of a 
machine tool by the amount of metal which it is capable of removing 
rather than by the size of driving pulley and belt. It describes some 
tests made for the purpose of ascertaining the metal removed and the 
capacity of several makes and sizes of milling machines. It also 
shows the results of tests made for the purpose of finding the net horse 
power required to remove a given amount of metal under various 
conditions of feed and speed. It further gives the results of tests 
determining mechanical efficiency of the feed mechanisms of various 


milling machines, and shows why it is important that this efficiency 
should be made higher than is usual. It describes the tests determin- 
ing the mechanical efficiency of the driving mechanism of one make of 
machine. It further gives results of tests showing that improvements 
in cutters, more than improvements in machines, may ultimately 
reduce very materially the power required for removing metal on a 
milling machine. 


DISCUSSION 


Mr. Frep J. Mituer. Referring to Par. 4, it is, of course, familiar 
to the author that although the motor drive has emphasized the fact 
that machine tools are used for widely varying kinds of work, yet 
long before the electric motor came into use machine tool builders 
expected their machines to be called upon to do work varying from 
the roughest and heaviest to the lightest and most refined. Standard, 
or commercial, machine tools always have been and probably always 
will be a compromise based upon that fact. 

2 A 16-in. lathe, for instance, can be built capable of taking heavy 
cuts from steel forgings, say 12in. to 16 in. diameter; but such alathe 
would be nearly useless for a great deal of the work that 16-in. lathes 





MILLING MACHINES AND MILLING CUTTERS 393 


are called upon todo. Much the same considerations apply to milling 
machines and this brings up the question as to whether or not a milling 
machine of the column-and-knee type should be so built as to take 
very heavy cuts, or be expected to do so. 

3 Machines of this type are more convenient of access than any 
other and are preéminent for the facility with which they can be 
manipulated. This fact peculiarly fits them for work of a certain 
kind,—jobbing and tool work, constantly changing in character, for 
which the machine must be constantly changed in its adjustments and 
the operator must be able easily and clearly to see what is going on. 
On such work these features are generally more important than 
capacity for heavy cuts. 

4 Generally speaking, heavy cuts are taken on regular manu- 
facturing work where a number of pieces alike are handled at one 
time and at a single setting of the machine. On such work facility of 
access and adjustment, though still important, are unimportant com- 
pared with the ability to take a heavy cut when called for. 

5 That the knee-type miller is, in its original form, ill-adapted 
for heavy cuts is shown by the now general adoption of “harness” 
designed to connect the outer end of the cutter arbor with the outer 
extremity of the knee and thus reduce the springing and vibration 
due to reaching out from the supporting column with the cutter arbor 
and then reaching out with the work-support to meet the cutter. I 
have seen millers of the column-and-knee type taking surprisingly 
heavy cuts; but it has never seemed to me that such a machine should 
be called upon to do it. Where heavy cuts are to be taken machines 
of other forms seem to be desirable. 

6 In Par. 9 of the paper, reference is made to belt power and gear 
ratio. I have very seldom seen belt speed and gear ratio both speci- 
fied in a machine tool; it is sometimes done, but I think, not often. 
Of course if we know the belt width and speed and something of the 
construction of the machine we can deduce, at least approximately, 
the turning force that will be applied to the cutter arbor. If we 
know the belt width only and the gear ratio we can do the same thing. 

7 Referring to Par. 19, I think it would be desirable to include 
with the paper a drawing of the driving gear of the machine designed 
by the author. I believe such a drawing has been published else- 
where and that the construction is not regarded as a secret. It 
would help very much toward making complete the record here pre- 
sented if such a drawing were to be included in the paper. 

8 Referring to Par. 28 and 29, it would be interesting to know 








394 DISCUSSION 


something of how the tests there referred to were made. From the 
nature of the case we would naturally conclude that the force exerted 
by the cutter against the feed motion of the platen must be about 
equal to the force exerted by thefeed mechanism to move the platen. 
In fact, in the case of a very deep cut, a considerable proportion of the 
force exerted in rotating the cutter arbor is not exerted in directly 
resisting the feed motion, but in lifting the platen of the machine from 
its seat. It is a familiar fact that, where a stem cutter or a face cutter 
is applied to the work in such a way that as much of the cut is above 
the center line of the cutter as below it, practically no force is required 
for the feed, so long as the cutter is sharp. 

9 In general we may say that, other things being equal, the force 
required to feed the platen of a milling machine will decrease per unit 
of metal removed per turn, or per minute, as the cut is increased in 
depth. Atadepthof cut equal tothe diameter of the cutter, it is prob- 
able that very little force is ever required for the feed motion, except 
to overcome friction, unless the cutter bedull. But for wide cuts of no 
great depth, the conclusion would seem to be inevitable that the force 
applied to rotate the cutter and the force applied to move the platen 
against the cutter are practically equal. If these two opposing forces 
are substantially equal for shallow cuts, and if, as the cut grows 
deeper, the force required to rotate the cutter increases in a faster 
ratio than that required to move the platen, as undoubtedly is the 
case; and if, as mentioned in the paragraphs referred to, the peripheral 
speed of the cutter is 40 ft. per min. and of the platen 10 in. per min., 
we have a speed ratio of 48 to 1 and it is obvious that the power con- 
sumed ought to be in the same ratio; or, in other words, the power 
required for the feed should be slightly over 2 per cent of that applied 
to the rotation of the cutter, instead of over 66 per cent. 

10 It is true enough that results of tests are generally to be pre- 
ferred to those of deductive reasoning, but it would be interesting to 
know if the tests that showed that 40 per cent of the power applied to 
the milling machine to be used to drive the feed-motion, represent 
actual practice. 


Mr. WitrreD Lewis and Mr.; Wo. H. Taytor. This paper pre- 
sents interesting and instructive data in regard to the performance of 
a milling cutter, and Mr. DeLeeuw is to be congratulated upon the 
admirable manner in which his work has been done. We have also 
made some tests upon a milling cutter of different construction, and 
although we have not gone into the subject in the same way, we are 
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quite willing to accept the results derived by Mr. DeLeeuw in regard 
to machine efficiencies as fairly applicable to other machines, upon 
which we have tried our cutter. We are even willing to admit that 
the Cincinnati milling machine may be more efficient, and think that 
60 per cent would come nearer to the efficiency in our case when the 
motor is included on account of the additional gearing required for the 
heavier drive. His method of determining the efficiency of his milling 
machines by coupling two together and measuring the current 
absorbed and given off is very ingenious, and gives results in all 
probability pretty near the truth. We believe, however, that the 
counter efficiency is never quite equal to the direct efficiency. This 
is obviously the case where worm gearing is employed, and it must 
be true to a lesser extent in all cases where speed is reduced through a 
train of spur gearing and then increased again through a similar train. 

2 If Mr. DelLeeuw had carried his experiments further he probably 
would have determined a higher efficiency for the direct drive of his 
milling machines. We are willing, however, to accept 75 per cent as 
a fair average and on this basis it appears that the best results obtained 
in slab-milling ran from 0.45 to 0.55 cu. in. per min. for one horse- 
power actually consumed by the milling cutter in cutting 16 carbon 
steel. 

3 In face-milling much better results are obtained and the differ- 
ence is ascribed to the lip angle of the cutter used in face-milling. 
It would appear, therefore, that there is no inherent advantage in 
face-milling over slab-milling if the cutting edges are alike in each 
case, and our experiments on slab milling bear out this opinion. 

4 In our paper on “The Development of a High Speed Milling 
Cutter with Inserted Blades for High-powered Milling Machines” 
presented at this meeting, we would call attention to the very pro- 
nounced lip angle obtained by the use of our curved blades, and as far 
as the actual performance is concerned we have made experiments 
since that paper was written, through the courtesy of the Niles- 
Bement-Pond Company, demonstrating that it is possible to obtain 
with sych a cutter from 1 to 1} cu. in. of 25 carbon steel as against 
4 cu. in. of 16 carbon steel obtained by Mr. DeLeeuw. This output 
is estimated on the basis of 70 per cent for the combined efficiency of 
motor and slabbing machine and this we believe to be a higher figure 
than could be established by experiments upon efficiency for such a 
heavily-geared machine. Probably 60 per cent would be nearer the 
truth and on this basis the amount of metal removed per horsepower 
would run from 1} to 14 cu. in. 
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5 Mr. DeLeeuw’s experiments were made with a 34 in. by 6 in. 
cutter on a machine capable of transmitting 11 h.p., weighing about 
6000 or 7000 lb. Our experiments were made with an 8 in. by 18 in. 
cutter on a machine capable of transmitting 165 h.p. and weighing 
70,000 lb. We had, therefore, the advantage of taking heavy chips 
as well as the advantage of the lip angle referred to, and the limiting 
capacity of our cutter is not yet in sight. 

6 It will be of interest to know that some of these chips (exhibited 
at the meeting) were removed under more severe conditions than has 
been attempted in slab milling practice with any type of milling 
cutter or milling machine. Mr. DeLeeuw states in his paper that the 
cutter was sharpened before each test. We traversed a steel forging 
114 in. wide and 50 in. long five times without sharpening our cutter 
and after doing this there was no perceptible dulling of the cutting 
edges. The first two runs were made at a table advance of 94 in. and 
34 in. depth of cut, and the circumference of the cutter was under 
approximately 25,000 lb. cutting pressure; the third run was made 
with a table advance of 5} in., depth of cut 1% in., with the cutter 
under approximately 26,000 lb. pressure, and runs four and five were 
made with a table advance of 94 in. per min., depth of cut 3 in. with 
the circumference under approximately 39,000 lb. pressure, making a 
total of 304 min. actual cutting time, in which the cutter traversed 
250 in. and removed 607 lb. of steel. The cutting speed in all these 
tests was 70 ft. per min. 

7 In regard to the efficiency of the feed mechanism of the Cin- 
cinnati milling machine we are not at all surprised to find it as low as 
Mr. DeLeeuw has discovered, for the simple reason, that the feed is 
transmitted through a screw. The efficiency of screws is a matter 
that has come before the Society and has had very careful consider- 
ation. It is well known that a screw is one of the most inefficient 
mediums for the transmission of power that can possibly be employed. 
It is nevertheless in many cases the best, but we do not agree alto- 
gether with Mr. DeLeeuw that the efficiency of the feed mechanism is 
a matter of first importance. We believe that the rigidity of the feed 
mechanism is a matter of more importance thai its efficiency. The 
efficiency can readily be increased by increasing the pitch of the screw. 
Roughly speaking, the efficiency of a feed screw is measured by the 
pitch divided by the pitch plus the diameter, and for a screw of } in. 
pitch 14 in. diameter, such as is used on the Cincinnati No. 3 milling 
machine, the efficiency should be about 18 per cent. If the pitch 
were doubled the efficiency would be increased to 31 per cent, and 
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while better efficiency could be obtained by further increase in pitch, 
this gain in efficiency, however, would be obtained by the sacrifice of 
rigidity, inasmuch as the steeper the thread, the greater the tortional 
strain in the screw and the greater the liability to chatter under 
heavy work. 


Mr. Frep W. Taytor. Mr. DeLeeuw has done admirable work 
in the experiments which he has described, and work of the kind that 
is much needed; it is therefore with much hesitancy that I criticise 
his paper at all, and my criticism is intended to supplement his paper, 
not to detract from it. 

2 His paper gives us facts as to the relative efficiency of three 
different milling-machines. He has not given us any data, however, 
which enables us, as engineers, to judge why one of the machines is 
so much more efficient than the other two. Now in an advertise- 
ment, or even in an article written in a technical journal, it is per- 
fectly proper to call attention to the fact that one machine is far 
better and more efficient than any of the machines competing with 
it, without giving in detail the reasons. A paper presented to an 
engineering society, however, should be for the education of its 
members, and they obtain but little valuable information or educa- 
tion from the mere statement that a result has been obtained, with- 
out indication of the exact means by which the result is reached. 
Engineers want to know not only the result or effect, but also 
the cause which has produced it. 

3 Now the efficiency of a milling-machine is largely the efficiency 
of its train of driving-gears with the shafts and bearings, plus the 
efficiency of the cutting-tool. A full description of the trains of gear- 
ing, etc., of the three machines should have been given, so that the 
readers could decide for themselves exactly why one machine is 
better than the other two. 

4 Mr. DeLeeuw of course has this information and I understand 
would have been entirely willing to present it to the Society if it had 
been called for by the Meetings Committee or Editor. 

5 Again at the end of the paper is a statement which has the 
appearance of an advertisement. The author states that a new 
milling-cutter is being patented which is far more efficient than those 
on the market, without giving even a view of the cutter itself or the 
slightest inkling as to the cause of this superiority: such a statement 
should never be permitted in a paper published by an engineering 
society. I do not think Mr. DeLeeuw is to be blamed for this, but 
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these facts illustrate the desirability of having a code of directions 
or advice prepared which shall help the Meetings and Publication 
Committees in their acceptance and final publication of papers; our 
editors in their criticism of papers presented; and writers of papers 
in preparing them for presentation. 


Pror. H. Wape Hisparp referred to his earlier enjoyable associa- 
tion with Mr. DeLeeuw in the same designing office and to his 
own experience with milling machines when learning the machinist’s 
trade in a locomotive-building shop. Going in at7 o’clock he could 
hardly get to the high-powered vertical spindle milling machine which 
he operated because of the large amount of work piled up around it 
from other machines which ran during the night; but he happened 
to be one to whom it was a pleasure to see a great amount of metal 
removed and long before noon the floor was clear. ‘That, too, was 
before the days of the work of Mr. Taylor or Mr. Gantt, when em- 
ployees were receiving day wages. 

2 One day he twisted off the tool steel arbor of the milling cutter. 
The foreman looked at the machine and work, saw there was no“ bite,” 
smiled instead of upbraiding the operator, and simply ordered him to 
go to the tool room for another arbor. He then realized that the 
capacity of the machine had been found and the speaker said that 
incident might be of interest in the present year of 1908 as showing 
the capacity of a machine built as long ago as the early eighties, and 
how its value was recognized by a machine shop contractor. 


Pror. J.J. FATHER. I wish to add a word of appreciation of the 
scientific work which Mr. DeLeeuw has done in determining the 
power required to remove metal by milling and in subdividing that 
power, placing a portion of it where it belongs, in the feed mechanism. 

2 But I wish to protest against the engineer classing “a matter 
of practical experience, judgment and intuition,” as “guess work,” 
as in the first paragraph of the paper. I think that is an engineer- 
ing estimate and an inference, rather than guess work, and believe 
this view is really what the author intended. The design of machine 
tools has been largely based on such estimates in times past, for lack 
of accurate data, and the engineer has, by a certain process of intui- 
tion, and by using his judgment and past experience, put all these 
factors together, so as to make a very accurate estimate as to what 
results would be produced under given conditions. 

3 The main object of a machine designer should be to produce a 
tool that will give increased output. The matter of power is of very 
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little importance. In fact, the cost of fuel in producing power in 
most of our factories amounts to only two or three per cent, and it 
does not.make a great deal of difference what the power is. What 
the aim should be is increased output, and any machine that will give 
increased output, no matter how inefficient it is in the conversion of 
power, is to be preferred to one that is much more efficient in this 
regard but has a smaller output. 

4 Considering the tools that are in most common use, the lathe 
and planer and the milling machine, we know, by referring to various 
tests based on the pound per minute output of metal, that the lathe 
will remove approximately a pound of steel chips per minute at a cost 
of 0.4 h.p.; the planer about 2.5 h.p. per pound; and the milling 
machine approximately 10 h.p. per pound under average conditions. 
There are so many variables that it is practically impossible to predict 
how much power will be taken, but the tests show the efficiency of the 
milling machine to be very low, yet every manufacturer realizes the 
great saving in labor and time by the use of the milling machine, and 
the milling machine will be used more and more, because of this 
saving. This attention to increased output should not in any way 
prevent us from determining the amount of power required to operate 
a machine, or its various parts. In fact such tests are often abso- 
lutely necessary to a proper handling of the problem; if they lead to 
a reduction of the power required without interfering with the out- 
put, an additional advantage is obtained. 

5 The author speaks of the lack of engineering data from which to 
determine the size of motor to apply to a machine. Today, with the 
use of high speed steels, this is true to a certain extent, and yet most 
careful tests have been made, not only to determine the total power 
required for removing metal and running the machine, but the sub- 
divided power has been determined as long ago as when Hartig was 
carrying out his experimentsin Germany. The experiments showed 
the amount of power required to run the machine idle, the amount 
for different speeds, and the amount to remove metal per unit of 
time. Hartig’s experiments included some sixty-nine different 
machines, with from five to fifty tests on each machine, showing the 
very wide range of his experiments. Other experimenters, including 
Vauclain and Halsey, Professor Benjamin, and other members of 
this Society, have done a large amount of work along these lines, 
which has been of great value to the designer as well as the user of 
machine tools. 
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6 Now, with the advent of the high-speed steel more such experi- 
ments are required, and there is a very promising field for some of the 
research laboratories to take up such problems as have been indicated 
in this paper, and ascertain how much power is required to operate 
such machines, and how much may be saved by cutters of different 
construction, tools of different shapes and different proportions of 
feed and rate of cutting and various other matters of value to the 
engineer. 


THe AutHor. I would like to go over briefly in chronological 
order some of the remarks which struck me most vividly. Mr. 
Miller refers to the milling-machine as a machine especially adapted 
for tool-room and jobbing work. That has been true almost to the 
exclusion of everything else. It is true to a very large extent even 
at the present time, but there seems to be a tendency to use the knee 
and column type of milling-machine for tool work and jobbing work, 
for work requiring the fine adjustment to which the milling-machine 
lends itself, and for work requiring the peculiar feature of the milling- 
machine, of lending itself to almost any kind of shape one wants to 
produce; but at the same time the milling-machine is now being used 
for heavy every-day rough shaping work, plain slabbing, surfacing, 
etc. 

2 One reason why this has not been done in the past may have 
been the nature of the cutters. It may be that the reason why the 
milling-machines were used so long almost exclusively for tool-room 
work was a historical one, but we seem to be rapidly drifting away 
from this condition; and I thought it would be well, in recognition 
of this fact, to have some knowledge of the milling-machine outside of 
its old scope; knowledge of its ability to remove chips. This is not 
minimizing at all the importance of the milling-machine as a tool- 
room machine, and I realize fully that the milling-machine may be 
highly efficient as a machine-tool for a great many lines of work, 
though it may not be efficient as a user of power. But the milling- 
machine is also being used more and more for heavy work, and will 
be used in the future to an even greater extent; and in heavy work 
an economical user of power is in my opinion very important. 

3 I wish to refer also ito what Mr. Flather said, that it is not 
the power that cuts the figure. I would suggest, that we use just 
as much power as is necessary, and not a bit more, in the machine, 
and take the rest of the power to drive a fan somewhere in the open 
air; use the power if you wish to, but do not use it in the machine. 
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4 The tests which I have described were carried out in order to 
determine what power is actually required in the machine, and I want 
to say here, that I realize that these tests are in no sense complete. 
They have not fully accomplished any of the aims I have set for my- 
self—not even a large percentage; by far the greater part is left 
undone. It might, perhaps, have been well to postpone the writing 
of this paper until more complete data were at hand, but the mere 
fact of bringing this matter up before the Society may assist in start- 
ing other people, perhaps better equipped for carrying out such tests, 
along the same lines, or if they have been working along these lines, 
may lead them to publish the results of their tests. 

5 Mr. Miller further refers to the proportion between the power 
required for the drive and for feed, and objects more or less to my 
statement that the pressure against the cutter is practically the pres- 
sure against the table. I mentioned this, but with certain limitations, 
and it may be that the limitations were not put clearly enough. All 
the cuts taken during these tests were what might be called flat cuts; 
relatively wide and of little depth; the depth of the cut as com- 
pared to the diameter of the cutter was small, and for that reason 
the upthrust was not very large; and even under these conditions it is 
not quite true that the thrust against the cutter is the same as that 
against the table. This is not mentioned in my paper as a fact, but 
merely as the supporting argument which led up to my realizing the 
desirability of making some tests on feed efficiencies. 

6 I appreciate the remarks made by Mr. Wilfred Lewis in regard 
to the heavy chips taken by his heavy cutters. I have had some 
connection with concerns making heavy machines, and have pre- 
viously spent some time in shops where these heavy machines were 
being run, on steel, and taking extremely heavy chips. A heavy 
chip will make me walk around several squares; but the machines I 
had to deal with would not allow taking such a chip as can be made 
with a 165-h.p. motor. However, though the tests described do not 
give any information as to the efficiency of the larger machines, the 
horse power used on all of the knee and column type machines is, 
I believe, very much larger than on all of the heavier type of machines 
on which Mr. Lewis made his tests, and for that reason I believe I do 
not need to apologize for having limited my paper to the smaller 
machines. Perhaps the size is not there, but the quantity certainly 
is. 

7 As to the necessity of regrinding the cutter after each series of 
tests, I may have given the impression that this was necessary, because 
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the cutter was pulled off after each series of cuts. This was not the 
case, however. The cutter was reground merely to start every series 
of tests under the same conditions, and to make the tests on the differ- 
ent machines as nearly uniform as possible. 

8 Referring to Mr. Taylor’s desire to have causes given as well 
as effects, in other words to have it shown why one milling-machine 
should be more efficient than the other, I wish to refer him to the 
title of my paper, which is not “ Efficiency of Milling-Machines” but 
“ Efficiency-tests of Milling Machines:” it is not therefore supposed 
to give a clear account of everything pertaining to the efficiency of 
milling-machines, but merely an account of tests made, the methods 
employed and some of the results obtained; with here and there a 
guess as to the possible cause. I realize that a complete treatise 
on the efficiency of milling-machines would be of great interest, but 
confess that I have not sufficient data for even the foundation of 
such a treatise. If all the different makes of milling-machines had 
been tested and one particular make found superior in efficiency, 
and if this fact had been mentioned in my paper, some statements 
about the probable cause certainly would have been in order: only 
four machines have been tested, however, and the result can be of 
interest only as it shows that a difference in efficiency exists. 

9 I believe this paper meets the requirements set up by Mr. 
Taylor, namely, that it should be of some educational value to the 
members of the Society, though I realize that it is that only to a 
very limited extent. Yet the aim of the paper was, by bringing 
forward methods employed in testing milling-machines, to enable 
others to work along the same lines, and to whatever small extent 
this aim has been accomplished, to that extent my paper must have 
educational value. 

10 I am very much puzzled by Mr. Taylor’s remark that my 
statement as to the new milling-cutter has very much the appear- 
ance of an advertisement. It would seem to me that to mention 
that a milling-cutter exists, but not to describe it, nor to show a 
picture, nor to say who makes it, nor even that it is being made 
or ever will be made, lacks about all the essentials of a live adver- 
tisement. 

11 On the other hand I fully agree with Mr. Taylor as to the 
desirability of having prepared a code of directions or advice, which 
shall help, among others, the writers of papers to be presented. 

















FUEL ECONOMY TESTS 
By C. R. Weyrmouts, PusiisHep in THE JOURNAL FoR Mip-NOvEMBER 


ABSTRACT OF PAPER 


In this paper are presented results of tests at the 15,000-kw. power 
plant of the Pacific Light and Power Company, Redondo, Cal., having 
steam engine prime movers, crude oil being used as fuel. The fuel 
economy is stated for tests on a 5000-kw. plant unit at various uniform 
loads, approximating 2000, 3000, 4000 and 5000-kw.; on a variable 
railway load; and also for the entire station on a similar variable rail- 
way load. The operating and test conditions are fully described. 

The results given indicate a remarkable plant economy under all 
conditions, but the particularly striking feature is the almost uniform 
fuel economy for the plant unit for all fractional loads from about one- 
half load up to the maximum load tested. The author believes that 
the results warrant a careful investigation as to the possibilities in the 
line of superior plant fuel economy, using the more modern types of 
steam engines as prime movers. 


UNNECESSARY LOSSES IN FIRING FUEL OIL 
AND AN AUTOMATIC SYSTEM FOR 
ELIMINATING THEM 


By C. R. Weymoutsu, PusiisHeD IN THE JOURNAL FOR DECEMBER 


ABSTRACT OF PAPER 


For a long period engineers have attempted to solve the problem of 
automatic firing of steam boilers in plants burning liquid fuel. The 
writer presents, as a solution to this problem, an automatic system of 
regulation, explaining its development and details of construction, 
and also its application and successful operation at the Redondo 
plant of the Pacific Light and Power Company. 

An oil pump governor actuated by variations in the boiler steam 
pressure so varies the oil pressure in a common oil main, and accord- 
ingly the simultaneous rate of firing in all burners, as to maintain 
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practically uniform steam pressure at boilers. This variation of 
pressure in the oil main is the secondary means for controlling the 
supply of steam to the burners for purposes of atomization, and also 
for controlling the amount of damper opening, and thus the air supply 
for combustion. 

Due to this automatic and synchronous adjustment of all the func- 
tions of the boiler and furnace, there results on plants subject to 
fluctuating load an increased boiler economy, which is due to the 
more uniform rate of firing, the saving in steam used for atomizing the 
oil and the reduction to a minimum of the air supply for combustion. 


DISCUSSION 


Mr. Geo. H. Barrus. The author states in the first paragraph 
that this plant gave a “notable economy,” which means, I suppose, 
that it gave a better economy than other large electric steam power 
plants. It would add much to the value of the paper if he would 
present examples of what has been accomplished by other plants, so 
that we could see to what extent the economy shown is really notable. 

2 It would also be interesting, and of great value, if he would tell us 
something about the economy of the individual elements of the plant, 
i.e., what was the efficiency of the boilers taken by themselves; also 
what was the steam consumption of the engines per i.h.p. per hour. 
With information of this character, the members of the Society would 
be able to form some idea themselves as to whether the plant was 
economical. Upon this subject there is no intimation in the paper as 
presented. 

3 Itseemsto me highly improbable, in connection with a test of such 
a character as the one described, involving, as the mechanical papers 
have told us, such a large pecuniary bonus, and one which required the 
assistance of such a large corps of testing men as the number referred 
to, that some one did not make an evaporative test of the boilers, and 
steam consumption test of the engines, to determine their individual 
economy. Very likely the author has such data, and I will be glad to 
hear from him on that point. 


Pror. Witu1AM Kent. The papers are very interesting as show- 
ing what can be done with oil and with reciprocating engines on the 
Pacific coast. The statement in Par. 68 of the paper on Fuel Kcon- 
omy Tests, that “Inasmuch as the steam turbine gains largely in 
apparent economy due to increase in vacuum, similar reductions 
should be made in the stated economy of such plants, and correspond- 
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ingly in the reported fuel consumption,” indicates that the author 
considers the result of the test a proof that reciprocating engines 
are as good as turbine engines; and seems to be equivalent to say- 
ing it is believed that the steam turbine is good because it can utilize 
a high vacuum, which the reciprocating engines could not do eco- 
nomically: and that for this reason we must deduct from the economy 
of the turbine the amount it gets from the high vacuum and charge 
that against it. I do not think that is fair to the turbine. 

2 These tests show very good results in kilowatt-hours per barrel 
of oil. Between the barrel of oil and the kilowatt-hours there are 
many variable conditions. First, there is the oil-burner. I under- 
stand that they have in San Francisco a new burner which is more 
efficient, especially in the regulation of the air supply. It appears 
that part of this higher economy in the San Francisco test is due, 
not to extraordinary efficiency in heating surface of boilers, but to 
the regulation of the air supply. Second, the efficiency of the 
boilers in San Francisco is due to the theoretical fact that it is 
possible to; get a greater percentage of efficiency out of oil than out 
of coal. I know of no large plant in the East tested with oil. We 
have to test with coal, where we are troubled with ashes, the large 
excess of air necessary to burn coal properly, and many disadvan- 
tages which the writer would credit to the coal pile, because it suffers 
these disadvantages. 

3 Thus we have in favor of oil, the theoretical economy higher 
than that of coal and the diminution of the excessive losses due to 
unregulated air supply in coal firing. The records of the test fail to 
show, however, how much of the total economy between kilowatt- 
hours and barrels of oil is due to the reciprocating engine. As far as 
I can find, not a single point is made in favor of the reciprocating 
engine, other than the general statement that because we have the 
great economy the reciprocating engine is a good engine. 

4 In making a test between the reciprocating engine with oil as fuel 
under the boilers, and a turbine engine with coal, we have so many 
variables that from such a test-record a statement of the relative 
value of the reciprocating engine and the turbine is impossible. 
The only way to get such a statement is to have a test made with the 
turbine in San Francisco with oil, with the same boilers and with same 
adjustment of air supply, and Professor Jacobus to watch it, and we 
will get as good results out of the turbine, if not better, than have 
been obtained from the reciprocating engine. 
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Pror. WiiuraM D. Ennis. It is difficult to say whether in reality 
this plant is showing notable economy. A heat consumption of 
25,228 B.t.u. per kw-hr. is perhaps unprecedented, if it is main- 
tained in the ordinary operation of the plant. This rate, noted during 
the 15-day test, under expert superintendence, is, however, not com- 
parable with the 2 to 24 lb. coal consumption rates of our best large 
plants day in and day out as the load factor comes. It is to be 
regretted that the details of the boiler performance are not given, as 
this would permit of judging as to the economy of the engines. 
Assuming that the boiler efficiency was 0.80, and the efficiency from 
engine cylinder to switchboard 0.855, then the heat unit consumption 
from line 24 of Table 1 was about 215 B.t.u. per i.h.p. per min.—not 
at all an exceptional result with superheat, under test conditions 





Fic. 1 Comparison oF RANKINE AND CLAusius CYCLEs. 


With engines of this size, operating at 180 lb. pressure, and with cer™ 
tainly a fair vacuum—28.334 in.,—one would almost expect a better 
result. If these were service tests, however, then the results are of 
course most excellent. But the results do not seem to be those to be 
anticipated in regular running. 

2 The proposal to compare engine performances with the limits 
possible in a standard cycle has been made before. There is no good 
reason for calling this standard cycle that of Rankine. It is true that 
Rankine recognized that the terminal pressure might be equal to, 
greater than or less than the condenser pressure (The Steam Engine, 
1897, Art. 278); but all of his computations are based on the existence 
of some terminal drop. On the other hand, Clausius (Fifth Memoir, 
On the Application of the Mechanical Theory of Heat to the Steam 
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Engine) clearly describes what I suppose we have all had in view as 
the standard cycle; viz, one in which adiabatic expansion is followed 
by isothermal condensation without intermediate drop in pressure. 
The expression for efficiency of this cycle is perfectly definite, based on 
the upper and lower temperatures: that for the Rankine cycle is not. 
The illustration may make this clear. The Rankine cycle between 
the limits a b and c d might be any one of fjqne, fipme or fhole; the 
Clausius cycle can be only fgke. 


Mr. J. R. Bresins. Much information of an important character 
has been omitted from this very interesting and valuable paper; 
namely, data on individual efficiencies of engine and boiler plants 
respectively. It may have been difficult to obtain such data during 
the test, but they are certainly essential to the conclusion reached 
by the author, whereby the reciprocating engine is credited, by 
inference if not directly, with the major part of the excellent results 
obtained although no data are presented which give the least possible 
ground for such a conelusion. 

2 Suppose, however, we take the author at his word and compute 
the efficiency possible from a steam motor working under the precise 
conditions stated. Referring to the 15-day test, the average load 
was about 3660 kw., and it is stated that the engines were rated at 
4000 kw. Presumably, therefore, the engines during this 15-day test 
were operated at approximately their point of best economy. Now 
on the other hand, consider a turbine plant similarly rated at or 
near its point of best economy (just before the overload valve comes 
into service). If we supply this turbine with steam at 180 lb. pres- 
sure, 82 deg. superheat and a vacuum of 28} in., or even 28 (allow 
for drop between condenser and turbine), it is a question whether 
the author would place his opinion on record that the economy thus 
obtained in connection with the same oil-burning boiler plant would 
be inferior to the corresponding economy obtained by test on the 
reciprocating engines. In other words, with a given boiler plant 
and given conditions of operation, does the author claim for the 
reciprocating engine economy superior to that-which recent tests 
of large turbines have demonstrated beyond reasonable doubt? 
This is to be inferred from his closure. In Par. 68, the author states 
that, ‘inasmuch as the steam turbine gains largely in apparent econ- 
omy due to increased vacuum,” the reported economy from turbine 
plants should be reduced accordingly for comparison with engine- 
driven plants. The vacuum reported in the Redondo tests is fully 
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as high as is obtainable in the best turbine plants in the country 
—28 and 28.4 in., therefore the necessity for correction is not 
apparent. 

3 The crux of this whole matter seems to be the efficiency of 
the boiler plant with oil fuel. Three years ago the United States 
Naval Bureau of Steam Engineering conducted extensive tests with 
both oil and coal fuel upon a marine water-tube boiler, with the 
specific purpose of ascertaining the comparative boiler efficiencies 
respectively obtainable. Detail figures are not at hand, but the 
average ratio of evaporation between coal and oil, under otherwise 
identical conditions, was in the neighborhood of 10 to 15; and 
under normal power-plant conditions of land practice, the ratio was 
reported still higher, 10 to 17. Correcting for the difference in heat- 
values of fuel burned, it is apparent that the efficiency of an oil-fired 
boiler plant is from 10 to 20 per cent higher than that of one burn- 
ing coal. 

4 Assuming then a turbine plant generating a kilowatt-hour on 
15 lb. of steam, under the conditions obtaining during the Redondo 
test, and a boiler plant burning coal with the efficiency of an oil- 
fired plant, evaporation would be at least 10 lb. of water per pound 
of coal, and the overall fuel consumption 1.5 Ib. per kilowatt-hour 
or 21,000 B.t.u. per kilowatt-hour, an economy superior to that 
obtained at Redondo. That the turbine economy above noted is 
quite conservative is apparent from the results of tests upon a large 
turbine at the Waterside Station of the New York Edison Company. 
An average economy better than 15 lb. was obtained under conditions 
of 175 lb. pressure, 96 deg. superheat and 27.3 in. vacuum. It does 
not seem, therefore, that the reciprocating engine has demonstrated 
itself in the Redondo tests capable of any extraordinary economy, 
per se. 

5 The shape of the economy curve A, Fig. 3, seems to establish 
a rather novel load characteristic for a power-plant unit; viz, practi- 
cally constant economy over an extraordinary range of load. If 
we consider the reciprocal of this curve in pounds of oil per kilowatt- 
hour, and again convert this into total oil per hour plotted against 
load, we have a so-called Willans line, shown as curve 1 of the accom- 
panying figure. This Willans law is highly valuable in analyzing 
the rational performance of both steam and gas plants, and at a 
glance indicates unusual results. In this case, the load-oil consump- 
tion curve is practically a straight line from the origin above about 
3000 kw., curving rapidly below this point, a phenomenon for which 
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it is difficult to find a good explanation. If now we plot a similar 
Willans line for load B.t.u. per hour, taking the observed values 
(line 24, Table 1), curve 2 is obtained. This line of total heat con- 
sumption appears entirely rational as a characteristic of a steam 
engine governing by cut-off. It shows a decided curvature, the 
relative heat consumption increasing on both heavy and light loads. 
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The point of tangency of a radial line from the origin indicates the 
point of best economy to be in the neighborhood of 4000 kw., which 
is entirely rational. 

6 Finally, if the values obtained by correcting oil consumption 
according to contract stipulation are plotted (line 23, Table 1), the 
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Willans line flattens out into the straight line 3, above 3000-kw. 
load, but shows an even more marked curvature below this load. 
This would indicate a practically constant heat consumption of the 
unit from 3000 kw. up. 

7 The reasons for these peculiar characteristics are not clear, 
and from the known characteristics of a reciprocating engine tested at 
different loads, as was done in this case, it may only be inferred that 
the reasons lie in a variable boiler-plant efficiency. To my knowledge 
there is no prime mover possessing astraight-line characteristic through 
the origin, i. e., an economy remaining constant with the change of 
load. Consequently, we may look only to the boiler plant for an 
explanation of these results. And it is to be hoped that the author 
may be able to submit further data. The Redondo tests are so 
thoroughly authenticated in every respect as to preclude the usual 
possibility of errors of observation, so that the opportunity is 
exceptionally good for throwing further light upon oil-fired boiler 
performance. This would be particularly desirable in connection 
with the discussion of the methods of firing in the author’s second 
paper. 7 


Mr. 1. E. Moutrrop. This is an interesting paper upon a subject 
which has been somewhat neglected by the Society in recent years, 
and in the writer’s opinion more papers on similar lines would be of 
value. Mr. Weymouth has made a careful test of the Redondo plant, 
and is to be congratulated on having built a fine station and one 
which shows remarkably good economy. 

2 In view of the care with which this test was made and the large 
number of trained observers employed, it is to be regretted that more 
information was not obtained at intermediate points in the cycle 
which would point out specifically how this fine economy was obtained. 
There is nothing to show whether it was obtained in the boiler plant, 
the engine plant, the condenser plant, or the general station design. 
The author apologizes for the vacuum and attributes the lack of a 
better one to the temperature of the cooling-water, which he con- 
siders high. The vacuum seems to be remarkably good under the 
given conditions, however. 

3 Mr. Weymouth is in error when he states that Eastern power 
stations obtain their higher vacuum only by the use of cooling-water 
at a temperature near the freezing point. The writer knows of a 
number of large power stations where the condensing apparatus is 
designed to give vacuums inside of 14 in. absolute with the circulating 
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water from 5 to 10 deg. higher than the temperature stated in the 
paper; and he is inclined to think that a material increase in the 
cooling surface of the condenser, other conditions being the same, 
would have considerably improved the vacuum in this instance. 

4 Some of the conclusions drawn by the author seem unwarranted, 
especially where he unfavorably compares large turbine stations in 
the East to his station. There is nothing in the paper which justifies 
the assumption that the engineers did the best thing when they selected 
steam engines for the prime movers. As the superior economy of 
steam turbines over reciprocating engines as prime movers for elec- 
trical generating stations has been so well demonstrated, and as the 
vacuum carried on the plant during the test was not especially good, 
only the boiler plant is left to be considered in accounting for the 
good results obtained. Tests in other places, and notably by the 
United States Geological Survey, indicate that boilers fired. with 
good fuel oil show a considerably higher economy than with first- 
class steam coal. 

5 The central station manager naturally wants a generating 
plant which will show a fine performance on the B.t.u. basis, but he 
is much more concerned in having a generating station which will put 
the maximum of kilowatts on the switchboard for a dollar spent in 
operating; and while the geographical situation of the Redondo sta- 
tion was doubtless such that fuel oil was a wise choice, no cost-infor- 
mation is given, and there is therefore no means of determining 
whether or not an engineer in the middle or eastern states would be 
justified in building a station for the use of fuel oil. 

6 There is one point in the operation of this station which the 
author has not touched, and which I hope he will include in his closure, 
and that is the matter of the successful removal of the cylinder lubri- 
cation from the condensed steam before it is returned to the boilers. 
This has been a very serious objection to the use of surface condensers 
with steam engines in power plants, and it would be extremely 
interesting to know, either how the oil is successfully removed or 
what difficulties and extra expense are entailed in operating the plant 
by reason of more or less oil getting in the boilers. 


Mr. A. H. Kruesr. The subject has been well covered by those 
who have already discussed the paper. The economy hinges on the 
efficiency of the boilers. It appears that the conclusions on the last 
page are hardly justified without more data as to where the econ- 
omy of the plant is to be found. The boilermakers might claim a 
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large part of the credit and as has been shown a large part of it is 
due to the use of a fuel which is little short of ideal. It can be con- 
trolled instantly, produces very little flue dust, and has many other 
advantages which need not be detailed here. 

2 It may be noted that the conclusions as to the flexibility of 
these units make a virtue of a necessity of the steam engine. By 
the same argument it might be contended that it is desirable to use 
five 1000 kw. turbines, instead of one 5000 kw. turbine, to reduce 
the liability of breakdown and increase flexibility of operation. 


Mr. F.W.O’Nert. The paper upon Fuel Economy Tests is of value 
in showing the performance of engines at fractional loads. As 
pointed out in Par. 58 the losses are proportionately greater at frac- 
tional loads, yet as the difference in losses at full and fractional loads 
is relatively small, the economy of the engines fairly approximates 
the economy of the whole station. 

2 The result obtained of 252.8 kw.-hr. per bbl. of oil, or 25,288 
B.t.u. per kilowatt hour, is by no means extraordinary when com- 
pared with the performance of engines reported to the Society in the 
past and when the size of the plant, the high vacuum and superheat 
are taken into account, as well as the high boiler efficiency possible 
when firing with oil. 

3 The thing which is extraordinary in this report is the low guar- 
antee accepted by the purchaser of 170 kw.-hr. per bbl. of oil, espe- 
cially when it is considered that a large bonus was to be paid forevery 
kilowatt hour secured over and above this amount. The difference 
between the guaranteed economy and the economy obtained on test 
is 32.8 per cent, or, in other words, the plant used 32.8 per cent less 
fuel than would have been consumed had the actual economy corre- 
sponded to the guarantee. This fact, together with the conclusion of 
the writer, might lead some to believe that the difference between the 
guaranteed and obtained economy represented the accuracy with 
which designing engineers were able to predict engine performance. 
The writer believes it desirable to call attention to the fact that the 
above difference is by no means a fair measure of the ability of steam 
engine designers to predict engine performance. 

4 It is to be regretted that water was not weighed, or, if it was, 
that the amount was not included in the results, so that the separate 
performance of boilers, engines, etc., could be segregated. 





THE TRANSMISSION OF POWER BY LEATHER 
BELTING 


By Cart G. Bartu, PuBLISHED IN THE JOURNAL FOR JANUARY 


ABSTRACT OF PAPER 


This paper offers an advanced theory for the transmission of 
power by leather belting, and mathematically takes account of a 
number of facts brought to light years ago, but never before fully 
explained or utilized in belt formulae. It also presents, in practical 
working diagrams, the results obtained by numerical substitutions in 
the formula developed, and illustrates a slide rule on which almost 
any practical question relating to the transmission of power by leather 
belting may be quickly solved. The complete paper consists of a 
main body setting forth the leading results and conclusions; an 
appendix containing the leading features of the mathematical work; 
and an unpublished supplement, on file with the Society, to which 
have been relegated the details of the mathematical work, as well as 
some additional conclusions, refused publication in the paper. 


DISCUSSION 


Mr. Henry R. Towne. The earliest investigation of this sub- 
ject was by General Morin, of the Conservatoire des Arts et Métiers, 
who gave, in a volume published, I think, about 1850, the results of 
his experiments to determine the co-efficient of friction of belts on 
pulleys, and algebraic formulae to express the power transmitted under 
varying conditions. For many years these formulae were accepted 
universally. General Morin’s experiments were made under labora- 
tory conditions. 

2 In 1867 I made a series of experiments to determine, under 
conditions approximating those of actual use, the co-efficient of 
friction and also the tensional strength of commercial belting. These 
experiments, and a discussion by the late Robert Briggs on the 
mathematical conditions involved in the problem, were published in 
the Journal of the Franklin Institute in 1868. Under the title of 
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the Briggs and Towne Experiments, the conclusions thus reached 
were quoted and accepted for many years, by Professor Rankine, 
Professor Reuleaux, Professor Unwin, and many other technical 
writers. Mr. A. F. Nagle, in a valuable paper contributed to the 
Transactions of the A. S. M. E. in 1881 (Vol. 2, p. 91), accepted the 
results of the Towne experiments as the basis for his discussion of 
the mathematical problems involved. 

3 The Transactions for 1886 (Vol. 7) contained two important 
contributions to the literature on this subject. One of these is a 
paper by Professor Lanza (p. 347), which first prominently calls 
attention to the importance of speed of slip as a factor in the trans- 
mission of power by belting. The other is a paper by Mr. Wilfred 
Lewis (p. 549) giving the results of a long and elaborate series of 
experiments in the shops of William Sellers & Co., and demonstrat- 
ing, among other things, that the proposition first enunciated by 
General Morin, and accepted unquestioningly by all subsequent 
authorities, namely, that the sum of the tensions is constant (T,+T,), 
does not hold true in all cases, and is therefore erroneous. 

4 The Transactions for 1894 contain another most valuable paper, 
by Mr. Fred W. Taylor (p. 204), giving the results of his large expe- 
rience covering many years in the use and observation of belting 
under the conditions of actual practice. Many new and important 
deductions from the investigations of Mr. Taylor are summarized 
in this paper and in the writer’s discussion of it (p. 238). Mr. 
Taylor’s mostimportant deduction effected a departure from the long 
accepted assumption that the co-efficient of friction is constant, to a 
recognition of the fact that it varies with the tension per square inch 
(or other unit of area) of the belt, and hence that there is substantial 
advantage and economy in the use of thicker belts. He was also 
the first to demonstrate and set forth clearly the economic gain to be 
derived from the scientific care of belting. 

5 Finally, Mr. Carl G. Barth, availing himself, as he has stated, 
of the work of his predecessors, especially that of Mr. Lewis and 
Mr. Taylor, has completed, for the present at least, the study of this 
problem, which has thus extended over some sixty years, giving us an 
elaborate and apparently a conclusive demonstration of the sound- 
ness of the mathematical conclusions finally reached, furnishing work- 
ing formulae for practical use, and presenting a most ingenious appli- 
cation of the slide rule to the problems involved in the practical use 
of leather. belting. 

6 The Society is to be congratulated on including in its roster of 
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membership the names of all those since General Morin who have 
taken the lead in ascertaining the facts and in determining therefrom 
the rules which govern the application of leather belting to industrial 
uses. 

7 Mr. Barth’s system has now been in use for about two years in 
the works of the Yale & Towne Mfg. Co., Stamford, Conn., where it has 
accomplished a substantial increase in economy and efficiency. 


Mr. WILFRED Lewis. It is only by carefully conducted experi- 
ments and careful analysis of the underlying principles involved, 
that substantial progress can be made in the field of engineering; and 
I am clearly of the opinion that Mr. Barth has discovered and formu- 
lated principles of the greatest practical value in the solution of the 
problems of the transmission of power by leather belting. 

2 It is difficult in a paper of this kind to separate the practical 
from the theoretical without discarding the most valuable part of 
the undertaking; the laborious work done by the author in order to 
reach his conclusions, and recorded in the appendix to this paper, 
is really the basis of the superstructure reared by him and gives 
the reader some idea of the immense amount of patient research and 
good sound reasoning employed in building up a complete analysis 
of the subject. 

3 Mr. Barth is the first, I believe, to analyze the peculiar elastic 
properties of leather, and to demonstrate in a convincing way the 
effects of these properties in the use of belting under varied con- 
ditions. His analysis of the combined effects of elasticity and sag 
is very original and ingenious, and even aside from the results obtained 
his methods cannot fail to interest investigators in other fields of 
research. Difficult and complex problems have been solved by 
making certain assumptions and approximations that are quite allow- 
able as the means to an end, and it is in these short cuts from the 
intricate and unwieldly to the simple and practical that he has dis- 
played such remarkable ingenuity. At the same time, for those not 
enough interested in every step to care to follow a mass of mathe- 
matical formulae, Mr. Barth has presented his conclusions in a form 
available for immediate use. 

4 Popular impressions, even though well founded, are often 
exaggerated beyond reasonable bounds, and while it is true that 
horizontal belts of considerable length are preferable in the trans- 
mission of power to vertical or shorter ones, it will be a surprise, I 
believe, to engineers, that there really is so little advantage in a 
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long horizontal belt over any length of belt in any position. All 
this results from the exposure of the fallacy that the sum of the 
tensions is constant, a belief exploded 23 years ago, although the 
far-reaching effect of the exposure on the transmission of power by 
belting has never before been so clearly expounded. 

5 The author’s treatment, also in the unpublished supplement 
to the appendix, of the effect of variations in pulley diameter upon 
the transmission of power, I believe to be absolutely original, and 
his conclusion that a belt will slip on a driven pulley before it will 
slip on a driver of the same diameter indicates a subtlety of analysis 
rarely displayed in our proceedings, and is a fair index of the pains- 
taking care with which the whole paper has been written. Although 
not perhaps of very great practical importance, as a new discovery, 
the analysis might well be included in the appendix to the paper 
rather than in the unpublished supplement to the appendix. 

6 It is safe to say that in the slide rule, engineers who wish to 
make the best use of leather belting will have at their command an 
instrument capable of solving at once many problems that might 
otherwise consume a good deal of valuable time. 


Mr. W. D. Hamerstapt. A number of highly valuable papers 


have been presented before the Society from time to time, dealing 
with the subject of belt transmission, which have, in the main, con- 
tributed only to our better understanding of specific problems 
involved; it has remained until the present time for someone to 
assemble the results of such former efforts into a final perfected 
theory, as has so admirably been done by Mr. Barth. 

2 For several years past, the writer has been somewhat closely 
associated with work on pulley and belt drives, and recently has had 
occasion to compare the results of some carefully conducted experi- 
ments with the results which might be expected from the use of 
formulae as proposed in Mr. Barth’s paper. Considering the many 
variable factors, these comparisons are remarkably favorable, and 
for average conditions of operation, the relationships which have been 
established would appear to hold quite true. 

3 One almost vital point of consideration in the actual design 
of belt drives seems to have been touched upon but lightly, however, 
and then in a manner which, as the author himself has stated, leaves 
some room for discussion—namely, values of the cdefficient of fric- 
tion to be used in the formulae given, under varying conditions of 
service. While the value of the coefficient of friction will not affect 
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the theory of belt transmission as given, it will seriously affect the 
size of drive required to do a given work, and having now a good 
theoretical basis for work, and assisted by the observations of others, 
additional experimental work might well be done for the determina- 
tion of such values, using as nearly as possible good average leather 
belting and operating under actual conditions of service. 

4 Based partly on the conclusions of Professor Lanza or of Mr. 
Wilfred Lewis, as given in early papers before the Society, and partly 
on the very’ mechanical reasonableness of the thing as he puts it, 
Mr. Barth assumes that, given a belt and pulley, the value of the 
coefficient of friction to be used in any case will be determined to a 
great extent by the velocity with which the belt slides on its pulley. 
Taking then a curve representing average relations between these 
two factors for any convenient speed of belt, values are at once avail- 
able for the coefficient of friction for any speed of belt and any condi- 
tion of slip desired. 

5 That.there exists some ground for such reasoning cannot be 
denied, but a brief comparison of results actually obtained from 
tests performed from time to time, on belts operating at widely 
different speeds of service, leads one seriously to question its applica- 
tion to practice. Such comparisons rather lead one to expect more 
nearly correct results when drives are designed on the basis of relative 
slip between belt and pulley. 

6 Fig. 1 and Fig. 2 show a series of curves representing, for a 
number of different tests, the relation existing, first between values of 
the coefficient of friction and velocity of slip, and second, between 
values of the coefficient of friction and percentage of slip. Informa- 
tion regarding the data from which these curves were plotted is given 
in the table. Letters designate corresponding tests in either set 
of curves. 

7 Referring to Fig. 1, it will be noted that for each different speed 
of belt there appears to exist a clear and well defined relation between 
values of the coefficient of friction and velocity of slip; at lower 
velocities of slip more especially, the value of the coefficient appearing 
to be higher for slow-speed belts and lower for high-speed belts. 
Obviously then, any curve representing a relation between values of 
the coefficient of friction and velocity of slip holds true only for that 
spéed of belt for which it is plotted and cannot be used indiscrim- 
inately for all speeds of belts. The effective range of velocities of 
slip which would be used in the design of belt drives would probably 
be from 0 to 25 ft. per minute, as indicated in Fig. 1, and the error 
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which might be incurred then in using either of the extreme outside 
curves shown (evefi though they do not represent maximum possible 
range of speeds of belts) would vary from about 70 per cent to values 
almost infinitely large. The curves B, and C, indicate the relation 
that would presumably have held true between values of the coeffi- 
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cient of friction and velocity of slip for belts B and C had those belts 
been such as to have shown a maximum value of the coefficient equal 
to that of belts A, E or F. . 

§} 8 From Fig. 2 it will be noted that for any given speed of belt 
the same general relation between values of the coefficient of friction 
and per cent of slip appears to hold true, and belt drives designed on 
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such a basis might then reasonably be expected to give anticipated 
results at all speeds of operation. When curves B, and C, are plotted 
to represent higher values of the coefficient of friction for belts B 
and C, as in Fig. 1, the similarity in form of these curves is remarkable 
—the more so as they represent tests performed in some cases over 
twenty years apart. 

9 But it is not the intention of the author to attempt to establish 
at present a positive basis of determination of changes in the value of 
the coefficient of friction. It is hoped, however, that certain proposed 
experimental work having as its object the determination of such a 
basis will shortly be undertaken; and results of such work might be 
presented to the Society later. Inits present connection, the manner 
in which changes in the value of the coefficient of friction occur is a 
matter of some importance and the seeming fallacy of the present 
accepted theory appears worthy of further consideration. 

10 As an example of the results to be expected when drives are 
designed on the basis of velocity of slip of the belt, as proposed 
in the paper, let two extreme conditions of service be taken. one a 
drive operating at a speed of 400 ft. per minute and at a slip of 
about 24 per cent, the other a belt operating at a speed of 5000 ft. 
per minute and at a slip of about 1 per cent. The slow-speed belt 
would then have a velocity of slip of 5 ft. per minute on each pulley, 
the high-speed belt of 25 ft. per minute. Referring to Fig. 7 in Mr. 
Barth’s Appendix, it will be found that for such velocities of slip 
the values of the coefficient of friction to be used should be respect- 
ively 0.38 and 0.53; but the maximum value of the coefficient of fric- 
tion at even the highest velocities of slip of 60 ft. per minute, as shown, 
is only about 0.57 and it appears then that the overload capacities 
of all drives is limited to about that value. This amounts, in the 
case of the slow and high-speed belts given, to about 50 and 74 per 
cent respectively. 

11 It is safe to say, however, that fully 80 to 90 per cent of all 
high-speed drives are used in connection with electrical machinery, 
and for such work drives must have an overload capacity of at least 50 
per cent of their rated capacity. It would be necessary then, for 
such practice, that belts be originally designed for correspondingly 
lower velocity of slip, amounting in this case to a velocity of about 5 
ft. per minute. The high-speed belt, noted above, at ordinary con- 
ditions of service would then operate at a relative total slip between 
pulley and belt of only one-fifth of one per cent. A 
12 While the author has had occasion to observe a large number 
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of successful high-speed drives on electrical machines, just the con- 
dition of slip here indicated has never been noted, but in almost every 
case the overload capacity of the drives has been noted as a function 
of the relative slip between belt and pulley. 

13. When it is further considered that, generally speaking, the 
point at which the belt will leave its pulley is a function of the per 
cent of slip and is taken independent of the speed of belt, it certainly 
appears that the relative slip cannot but play an important factor 
in determining values of the coefficient of friction to be used for such 
drives. 


Mr. Frep. W. Taytor. The first thought of many of our members 
on seeing a paper on Belting is, Why should a paper on this subject 
be presented to our Society? With the advent of the electric drive, 
is not belting so rapidly becoming a back number that a paper on 
this subject will arouse but little interest? Certainly, judging of the 
comparative value of the belt drive and the electric drive by the 
relative number of papers written on the two subjects of late years, 
one would conclude that the belt drive is worthless. The electric 
drive, however, is a new element in engineering and one in which 
progress has been both rapid and sensational, while the average 
engineer has concluded that but little new remains to be known about 
belting. 

2 The belt is one of the oldest and most commonplace of the 
elements used in shop practice, so that engineers designing new estab- 
lishments or remodeling old ones, who wish to be up-to-date, natur- 
ally incline toward the use of the electric drive rather than the belt. 
There is no doubt, however, that this has led to the use of the electric 
drive in many instances where the belt would be far more economical 
and satisfactory in almost every way. 

3 In the average machine shop, for instance, the writer is pre- 
pared to say that for more than half of the machines the belt drive 
can still be used with greater economy and with more satisfactory 
results than the electric drive; only on the assumption, however, that 
the belting is systematically cared for. The most serious objection 
to the belt drive as generally used is the loss of time due to interrup- 
tion to manufacture when retightening and repairing, and to the 
loss of driving power and consequent falling off in output, when the 
belt is allowed to run too slack. Belts can be tightened and repaired 
at regular intervals after working hours, however, with the use of 
spring-balance belt-clamps to get the right tension, causing thus 
practically no interruption to manufacture. 


DISCUSSION 


4 As will be explained later, it has been shown by an accurate 
record kept through along term of years, that in the average machine 
shop the average cost per belt per year is $2.25. This includes the 
original cost of the belt, plus all labor and materials used in main- 
taining, repairing and cleaning it throughout its life. No similar 
statistics for the maintenance and renewal of the motor drive seem 
to be available, but I think no one will contend that the latter can in 
any way approach this economy. 

5 In a great number of cases the electric drive should be used in 
the machine shop, but in the writer’s judgment the burden of proof 
still rests on the motor drive to show in each case that the economy 
in delivery and removal of work more than makes up for the extra 
cost of installation and maintenance, and for the delays incident to 
repairs, blowing out fuses, etc. In large machines economy lies on 
the side of the motor drive in many instances, but with almost all 
small machines the belt drive should still be used. In view of these 
facts, the belt drive is hardly a back number. In fact, the manager of 
one pulley manufactory told me recently that even during the dull 
times his company had been selling from twelve to fifteen thousand 
pulleys per month. 

6 Under the rules still in common use, a large proportion of belt 
drives are badly designed, and belts are used under heavier tensions 
than they should be for all-round economy. Therefore there is 
ample justification for a paper such as Mr. Barth’s. All who have 
experimented with belting or who have been interested in the mathe- 
matics of belting, will be filled with admiration at the remarkable 
analysis which Mr. Barth has made of this difficult problem. Even 
Mr. Lewis, whose experiments and scientific conclusions have properly 
been given first place among writings on this subject, tells us in his 
paper that life is too short to attempt acomplete mathematical solu- 
tion of the problems involved. Yet this is precisely the task which 
has been accomplished by Mr. Barth. I have personally seen the 
patient research and hard labor of months which Mr. Barth has put 
into this work, purely from an unselfish devotion to the interests of 
our profession, and I am glad to bring this fact to the attention of 
the Society. It is such work as this that will give our; Society high 
standing throughout the world. 

7 As engineers, mathematics (elementary mathematics, to be sure) 
is one of our daily implements, so that we are qualified to appreci- 
ate the work of the pure scientist or mathematician who devotes 
his life either to advances made in the field of pure mathematics, 
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or in the application of mathematics to what may be called the 
field of pure science. The work of these men, while invaluable to 
the world in the long run, is but remotely useful to engineers; the 
peculiar mathematical ability displayed by Mr. Barth, however, 
should appeal to us as engineers far more even than the work of 
those engaged in pure science. Mr. Barth has displayed that ana- 
lytical ability, rare with mathematicians, which has enabled him to 
simplify mathematical formulae so complicated as to be unsolvable, 
and to make them immediately practical and useful without mate- 
rially deviating from their value. 

8 He thus puts into our hands for daily use a new and valuable 
piece of knowledge, or implement, but unlike so many of our best 
theorists and investigators, he does not stop with developing his 
useful formulae. He has further embodied this knowledge in a 
slide-rule, so simple that by its use anyone, whether familiar with 
mathematics or not, can solve practically all belting problems at a 
glance. I hope that either Mr. Barth or someone else will arrange to 
have this slide-rule made available to engineers at large, at a reason- 
able price, and accompanied by practical directions for its use. Such 
implements are invaluable aids in the everyday work of the engineer, 
and should be in every drafting-room in the country. 

9 The experiments of Messrs. Briggs and Towne and those of 
Messrs. Bancroft and Lewis will remain for many years as classic 
monuments in the development of our scientific knowledge of belt- 
ing laws; but Mr. Barth’s remarkable analysis of the work of former 
experimenters, supplemented by his accurate though less voluminous 
experiments on the elastic properties of belting and on the rate and 
extent of the fall in tension of belts, has rendered his conclusions as 
to economical speeds and the proper sizes of belts more reliable than 
those of any previous writer. His final recommendations should be 
accepted, therefore, rather than those in the papers of Messrs. Towne, 
Lewis, or the writer. 

10 There should, in the writer’s judgment, be added to Mr. Barth’s 
paper a clear numerical statement giving the exact tension per inch 
of width to which belts of average thickness, both double and single, 
should be retightened each time they require tightening, and this 
statement should be given a prominent place in the paper, so that 
it can readily be found. 

11 It may be of interest to know how the figure of $2.25, quoted 
earlier in the paper as the cost per belt per year, was found. 

12 In the new machine shop of the Midvale Steel Company, 
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beginning in the year 1884, the writer experimented! with all of the 
belts in the shop, in practical use; and upon the comparative values 
of the four leading types of leather belting then in common use. 
This experiment lasted nine years with beltingrunning night and day 
(equivalent to eighteen years running ten hours per day). Exact 
records were kept of all items affecting the life and economical use 
of belting, and at the end of the experiment, among other items, it 
was found that the average belt cost (under the ordinary belt rules 
then in use, as, for example, those used on the cone pulleys of the 
various machines; and on the ten hour basis) $3.34 per belt per year 
for the first cost plus all labor and materials used in maintenance 
and repairs. These are double belts, averaging 29 ft. long by 3.8 
in. wide. 

13 These belts were run under too high tension for economy, 
however. ‘They lasted on an average 14 years (ten hours per day). 
The remaining belts in the shop, which proved more economical, 
lasted on an average not far from 28 years (ten hours per day), and 
cost per year per belt less than $2.50 for first cost and maintenance, 
etc. And this although they were materially larger than the cone 
belts, averaging 50 ft. long by 4.84 in. wide. The machines in this 
shop averaged much larger than in the average shop, and an investi- 
gation has led me to the conclusion that in the average shop the aver- 
age belt would be about equal to a 3-in. double belt, 20 ft. long. The 
first cost plus the maintenance of this belt would not be greater than 
$2.25 per belt per year. 

14 I hope that Mr. Barth will add to the body of his paper before 
it is reprinted in the Transactions one or two paragraphs emphasiz- 
ing the necessity for systematic care of belting wherever it is used, 
by a man properly taught this work. The care of belting should be 
entirely taken out of the hands of the men who arerunning the 
various belt-driven machines, and belts should be systematically 
retightened at regular intervals, with belt-clamps fitted with spring- 
balances, each belt having the tightening strain carefully figured in 
advance. Belting should also be cleaned at regular intervals, and 
should be softened with the small amount of belt-dressing which is 
needed to keep it in perfect condition. A laborer can be quickly 
trained to tighten and care for all the belts in the shop during the 


1 These experiments are described in a paper entitled Notes on Belting, pre- 
sented before the Society December 1893, and forming part of Volume 15 of 
the Transactions. 
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noon hours and on Saturday afternoons and at other times when the 
shop is not running. 

15 Two elements of great importance in Mr. Barth’s paper seem 
to me almost certain to be lost, even to those especially interested 
in the subject of belting, buried as they now are in the unpublished 
supplement. These should be taken out of this supplement and 
printed in the appendix when the paper finally appears in the Trans- 
actions of the Society. These items are, The Influence of Pulley 
Diameters on the Sum of the Tensions of the Belt, and a condensa- 
tion of the discussion of the formula, Ratio of Effective Tensions, /**. 
Not only has this discussion a great theoretical interest, but the con- 
clusions have a distinct practical value. 


Mr. Cuartes Rossins. As Mr. Barth has said so much on the 
question on belting, and my purpose towards the elimination of the 
belt, I will discuss the paper from that point of view. 

2 Mr. Barth’s data will be of great service in the future to certain 
classes of industries using the belt to a great extent; more particularly 
to textile mills, where the belt has been in use for years, and the 
proposition is essentially that of constant and uniform speed. 

3 When we took up the question of applying motors to that class 
of work we were informed that the principal objection was too great 
variation of speed. Their stated requirement seemed to be an electric 
drive which would give a speed as close as the mill engineers seemed 
to think they had, a problem that we took up with some hesitation, 
but in applying to spinning frames the alternating-current motors, 
which, as you know, are constant-speed machines and run at a very 
uniform speed, we discovered that the productive capacity of the 
frames was very largely increased. 

4 This led us to make some tests as to the loss of speeds, or slip 
of belts, and their lack of uniform operation. The net result in using 
the induction motor instead of the belt is an increased production of at 
least seven per cent, and in some instances even ten percent. Prob- 
ably some of this increase was largely due to the fact that the belting 
systems tested were not designed in accord with Mr. Barth’s system; 
but I do not believe that a system of belts will ever approach the 
uniform and constant speed of an induction motor. The fact remains 
that with the average system of belts the motor drive, on account of 
its uniform speed, increases the production of almost any class of 
machinery. 

5 The question of efficiency may be classified as (1) the primary 
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efficiency from the engine shaft to the shaft of the driven machine; 
(2) the economies which result from the use of the electric motor 
drive. These secondary economies, which are undoubtedly the most 
important, will vary with the class of industry to which the electric 
motor is applied. It is greatest in those industries where the load 
time factor of the installation is lowest and where the inherent charac- 
teristics of the electric motor are of greatest value. These charac- 
teristics are as follows: 

a Ability to adjust the speed according to the demands of the 

work. 

b Absolute certainty of a uniform and constant speed. 

6 While these two characteristics may seem to be opposed, they 
are important factors in the increase of production of different types 
of machines. As widely separate examples: for a machine tool the 
readiness with which the speed of a motor may be varied to the right 
quantity for the work required contributes toits increase of production; 
on the other hand textile mill service requires an absolutely constant 
and uniform speed, which is obtained from the induction motor. 

7 In determining the value of an electric motor drive the essential 
point is always the secondary, or accruing economies from its use, 
rather than the primary economy, although when the primary is added 
to the secondary the net result will be extremely satisfactory. 


Mr. Geo. N. VAN Dernoer. This paper develops in a clear way 
principles that we have heretofore been forced to regard as intangible 
enigmas, and will no doubt live as one of the engineering classics 
of the Society. 

2 The property of leather belts of continually stretching under 
service conditions, belongs also to other forms of transmitting bands, 
and is possibly inherent in any form of transmitting band possessing 
a fibrous structure. This means that maximum and minimum 
limits of initial tension must be used, or devices employed to take 
care of the increasing length, in which case the belt may always be 
operated under minimum tension, lighter weight pulleys and shafting 
may be employed, and the load on the bearings minimized. 

3 While there seem to be very few recorded tests on the amount 
of energy consumed in the rapid bending and unbending of belts, 
it seems to be a well-defined belief among engineers that the energy 
lost through this cause is less than is commonly supposed. I am 
inclined to agree with this, and also believe that the loss due to reverse 
bends in belts, either in energy consumed or in destructive action 
on the belt, is probably smaller in amount than is usually supposed, 
provided these bends have a relatively large radius. 
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4 The author’s plan of proportioning belts so that the slack 
will be taken up at approximately regular intervals of time, regard- 
less of speed or power transmitted, is excellent from a theoretical 
point of view. He is obliged, however, to divide belts into two classes 
—machine belts and countershaft belts, under different initial ten- 
sions, and therefore with different periods between adjustments. 
I think it will be absolutely necessary to provide more classes. In 
some cases first cost is of greater importance, and in other cases the 
expense or inconvenience of taking up belts is the main considera- 
tion. With a large belt, running night and day, the stopping of the 
drive to take up the belt is a serious matter. In the case of many 
drives, however, this is a matter of small moment. 

5 I have had considerable experience with large quarter-twist 
belts, running from 12 to 20 in. in width, for connecting horizontal 
and vertical shafts, and have seen results that appear incredible in 
view of much of the theoretical data published on belting. These 
belts were under high unit-tension, and always subjected to reverse 
bending over deflecting idlers. Probably one reason for the success 
of belts of this kind is the automatic regulation, within limits, of the 
slack-side tension, due to the belt working up and down across the 
face of the pulley on the vertical shaft. As far as I have observed, 
belt drives of this kind, when properly designed and erected, have been 
as satisfactory as horizontal belts with about the same distance 
between centers. 

6 Possibly the larger unit-stresses frequently used necessitate a 
slight actual slipping of the belt on the pulleys, with some correspond- 
ing increase in the coefficient of friction. This should not necessarily 
be regarded as poor practice, but simply as a factor to be weighed 
against savings in first cost, friction losses, etc. There seems to be 
no fundamental objection to slipping within certain limits, pro- 
vided such slip is a constant quantity. All belts are continually 
sliding, to some extent, on the surface of the pulleys, due to the 
theoretical creep caused by the elasticity of the belt. A little more 
would not necessarily be serious. The surface of a well finished 
leather belt is such that sliding on a polished iron pulley will not cause 
much harm provided the heat generated by the slip is dissipated with 
sufficient rapidity to prevent the temperature of the belt surface from 
rising too high. This, of course, involves a loss of energy, as do very 
large belts under low tensions, and the crowning of pulleys. The 
writer desires to emphasize that due consideration should be given 
to all the factors involved. 
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7 Spring belt-clamps should be used wherever practicable, and 
ought not to be very expensive if manufactured in reasonable quanti- 
ties. In the majority of cases, however, we shall have to be satisfied 
with figuring belts properly, and leave the actual initial tension to € 
fate. 


8 The idea that the maximum working-stress of a belt should 
not be determined by its ultimate strength is, I believe, correct. 
This becomes more apparent in studying transmission ropes. It is 
a well-known fact that the maximum unit-stress for a manila trans- 
mission rope should be of such amount that the side-pressure between 
the lubricated fibers of the rope will not cause abrasion when the 
ropes bend over the sheaves, and the fibers slide on one another. 
Probably some such internal action takes place in the case of leather 
belts. In transmission ropes the ultimate strength bears a greater 
ratio to the proper maximum working stress than is the case with 
leather belts. Manila rope is therefore a very safe transmitting band. 

9 The constant lengthening of belts in service has its counterpart 
in ropes. Where a rope is simply carried around two sheaves, as 





in the separate rope system, the general equation of the rope is 
without question similar to that which the author has shown to be 
true of leather belts. 

10 The continuous system of rope transmission, with its automatic 
tension carriage, has the slack-side tension maintained at a minimum. 
This is one of the fundamental reasons why the continuous system 
can transmit the same amount of power at the same rope speed and 
with the same rope life, with less rope than is possible with the sepa- 
rate wrap system. A few years agothe continuous system was looked 
upon by most engineers with considerable scepticism; its enormous 
development in the last quarter of a century is due simply to its 
basis on absolutely sound mathematical principles. 


Mr. Water C. ALLEN. My contribution to the discussion will 
relate to the practical results obtained from the installation of an 
improved method of caring for belting, rather than to the technical 
phases of the question. In this connection a brief description of 
the working out of the improved system in the works of the Yale & 
Towne Mfg. Co. may prove interesting. 

2 The problem of transmitting large amounts of power by means 
of belting is not a serious one with us, as our pover is for the most 
part transmitted electrically; each room is provided with one or 
more motors, and the power is distributed from them through line 
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and countershafts to the machines. The great majority of our belts 
are small, and many of them run at high speeds. Altogether we have 
about 4800 belts, so that their proper maintenance is an important 
and somewhat difficult problem. 

3 Early in 1905, at Mr. Barth’s suggestion we undertook an inves- 
tigation of our belting and the methods employed in its upkeep, 
as a result of which we decided to adopt a system of caring for belting 
recommended by Messrs. Taylor and Barth. For the sake of brevity 
I have divided my notes into comparative statements, of the con- 
ditions before and after the adoption of the new method as affecting 
each element of this important subject. It may seem that the con- 
ditions existing before the installation of the new plan were dis- 
tinctly bad, but I venture to say that they were as good as those in 
many manufacturing establishments at the present time, if not 
better. The improved conditions, however, are so infinitely superior 
to the old that by comparison the latter appear extremely anti- 
quated and crude. 

4 Tensions. Under the old plan we had no means of knowing 
with any accuracy the tension of a belt. It was left tothe individual 
judgment and experience of those doing the repairing, so that inevit- 
ably the tensions of the belts varied in proportion to the variation 
of judgment of the repair men. 

5 The first step in the reorganization was the building of a belt 
bench and the provision of tension scales such as are shown in Fig. 6. 
These are used now altogether for the determination of tensions. 

6 Records. Under the old regime we had no records whatever 
of our belts. 

7 Under the new plan we have a record of each belt showing its 
location: its type, i. e., whether open or crossed, countershaft or 
machine belt; kind of leather; thickness, width and length. These 
records also show for each belt the dates of inspection. 

8 Organization. Under the old plan our millwrights cared for 
the heavy belts, but the repairing was done only when the belt gave 
way, or stretched so that it failed to transmit the necessary power. 
The small machine belts were cared for by the individual machine 
operators, many of whom knew absolutely nothing about belting, 
and in some cases our investigations showed that ignorant operators 
had attempted to tighten a belt by cutting out a piece, and, finding 
that they had cut out so much that the belt would not go over the 
pulleys, were then compelled to cut out still more and set in a piece 
in order to make the-belt long enough to do the work. In these 
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cases also the belts were not repaired until they actually gave out 
through breakage or failed to give the necessary pull. 

9 Under the new plan a gang of four men do absolutely nothing 
else but inspect belting and attend to the repairs and retightening. 
A belt room has been provided in which is an annunciator, and a 
series of push buttons are arranged at the telephone central, so that 
in case of an accident to a belt the foreman or gang boss can call the 
belt man easily. In a plant as large as ours the annunciator results 
in a great saving of time. 

10 A tickler system was installed by means of which the belt 
gang are notified regarding the belts to be inspected each day. 
After the inspections are made these tickler cards are returned to 
the office where the proper records are made and the ticklers put 
back for the next inspection. 

11 These belt men take their lunch hour from 11 to 12 o’clock, 
working during the noon hour, and are thereby enabled to repair 
many belts which could not be repaired when the works are running, 
without loss of time to other employees. 

12 Fastening. Under the old plan there was no fixed rule regard- 
ing the fastening, rawhide lacing and belt hooks being used indis- 
criminately. Under the present plan Jackson wire lacing, put into 
the belts by means of a machine, is universally used. For continuous 
belts, under the old plan we used a kind of glue which took from three 
to ten hours to set satisfactorily. Under the present plan we are 
using a special glue which will set hard in thirty minutes. This also 
results in a saving of time in the case of an accident to continuous 
belts. 

13 Belt Dressing. Under the old plan comparatively little belt- 
dressing was used, but in many cases rosin was used through ignorance 
of the fact that it causes the belting to deteriorate rapidly. We 
now use entirely Plomo belt-dressing, which is extremely useful and 
tends to prolong rather than to shorten the life of the belt. 

14 Reclamation of Oily Belts. Under the old plan no reclama- 
tion was attempted, but at the present time we reclaim a consider- 
able amount of belting each year. Belting damaged on the edges 
is cut down and used for narrower belts, short pieces are scarfed 
and glued together and the oil is taken out of oily belting and the 
belts used over again. : 

15 Kind of Belting. Several kinds of belting were used under 
the old plan, but we have gradually standardized our belting until 
at the present time practically nothing but a high-grade of oak- 
¢anned belting is used. 
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16 Cost of Up-Keep. Of course there was no method of determin- 
ing the cost of maintenance under the old plan. Our records show 
that during the year 1906 the labor-cost of maintaining our belting 
system was 96 cents per belt. During 1907 it was 73 cents and dur- 
ing 1908, 45 cents. This decrease has of course been due to the 
increased efficiency of the men doing the work and to the fact that 
experience has indicated where inspection periods could be lengthened 
out, and also to the fact that the belting is now in such condition that 
expensive break downs seldom oecur. 

17 The foregoing statements describe briefly the various features 
of the old and the new plans: a summary of the advantages of the 
new plan follows: 

a Decreased cost of belting. The cost for the year 1907 was 
only about 60 per cent of that for 1906, despite the fact 
that we installed more new machinery in 1907 than in 
1906. 

b Increased efficiency of machines, due to the fact that the 
tensions are maintained much more uniformly than for- 
merly. 





ce Continuous production by both men and machines, due to 
decreased interference due to belt-breakdowns. 

d Uniform type of belt lacing, decreasing danger to employees. 

e Decreased cost of maintenance. 

f Under the present plan the cost of maintenance appears as 
a separate item where it can be watched and compared 
with that of previous periods to determine the relative 
economies, while under the old plan the figures were ‘ 
combined with a mass of others so as to make it impos- 
sible to determine how much it had cost. 


CONCLUSION 


18 When we first commenced to install the new system we had 
all sorts of trouble as is generally the case with any new thing. 
The plan was opposed by foremen, gang bosses and workmen, each 
of whom had an idea that the new tensions were entirely wrong, and 
that the machines would never do the work properly, unless they 
could adjust the belting according to their individual ideas. One 
of the best evidences of the value of the present plan is that this 
antagonism has entirely disappeared, and what was at first con- 
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sidered by many an interference and a hindrance is now accepted as 
a help and is believed to be entirely satisfactory by those competent 
to hold an opinion. 


Mr. Taytor. ‘The original experiments at the Midvale Steel 
Works were started in 1884; 17 years later, when all the machinery 
in that shop was taken out, one of the belts, which was of the type 
of those run under proper rules, that is, approximately the low tension 
suggested by Mr. Barth, had run all that time night and day under 
heavy tension. During this time it had required tightening only nine 
times, and at the end of the equivalent of 34 years of ten-hour service 
that belt came off its pulleys and was immediately put to work on 
another machine, in good condition. This instance of the life of a 
belt properly taken care of and properly tightened will be a sur- 
prise to the man accustomed to see a belt go out of use in from two 
to five years. This statement has just been determined. 


Mr. Dwieut V. Merricx.' As I am interested in chain drives, I 
will draw attention to some experiments made by Hans Renold, 
Ltd., of Manchester, England, and embodied in a pamphlet issued 
May 1908, comparing the relative efficiency of chain and belt drives 
on automatic machines. Mr. Renold claims that with the chain 
drive the output was increased 20 per cent, fewer drills and parting 
tools were used, and a better finish was obtained on the work. He 
says: “‘The tool did its work unflinchingly at every part of the revolu- 
tion of the spindle—no more and no less.”” He further states that the 
wear and tear on the spindle and countershaft bearing was consider- 
ably reduced. These statements were so striking that the Link- 
Belt Company, with which I am associated, decided to make further 
tests. In one of these which I was detailed to make I maintained a 
constant feed and speed and used the same tools with each drive, 
and in all cases the tool was used untilit became necessary to re-grind, 
the object being to cut off as many pieces or drill as many holes as 
possible before this condition was reached. The tool when chain- 
driven did considerably more work than when belt-driven. I quote 
from my report as follows: 

2 These tests were made on a 3 in. by 36 in. Jones and Lamson 
turret lathe, with “blue chip steel” cutting-off tool ;3, in. wide, cutting 
off cold rolled shafting 24 in. diameter, feed 0.012 in. per revolution. 





1 Dwight V. Merrick, Link-Belt Mfg. Co., Nicetown, Philadelphia, Pa. 

























TURRET LATHE 0.012 IN. FEED PER R. P. M. 








TABLE 1 
2 a 
Cc $ Kinp or P1eces 
<& " 
is Drive No. 
° 
Belt 64 
2 Chain 16 
Belt 9 
Chain 7i 
5 Belt 4} 
Belt 1 
4 Belt 4 
Chain 1 
Chain ; 
1 Belt 1 
Belt + 
Chain 1 
3 Chain 1 
Chain i 
Norte: 


TABLE 2 


Merat CuT Qyrring SreEp 


By Too. 
INCHES 





.125 





A higher cutting speed was 


Fr. per Minute 





94 
94 
94 


128 
134 


134 
151 
126 
151 


129 
146 


129 
149 
195 


CONDITION Time 
or Too. MINUTES 
Ruined 5.91 
Ruined 14.70 
Ruined 7.15 
Ruined 4.81 
Ruined 2.72 
Good 0 51 
Ruined 0.12 
Good 0.54 
Ruined 0.39 
Good 0.53 
Ruined 0.15 
Good 0.53 
Fair 0.44 
Ruined 0.15 


obtained by the chain drive. 


RESULTS OF EXPERIMENTS ON A DRILL 
DIAMETER CARBON STEEL DRILLS, 0.018 IN. FEED PER REVOLUTION, 


SOFT CAST-IRON BLOCK, 3 IN. THICK 











a CONDITION 
4 5 Kinp or Hoves = Merar Cor (Cyrring Speep OF Driv. Time 
> QO prive Dritten sy Dri R.P.M. AFTER MINUTES 
= NUMBER INCHES DRILLING 
Hoes 
1 Belt 31 93 62.2 Started to 18.91 
ruin 
1 Chain 57 171 60.5 Corner 35.91 
rounded, 
needed 
grinding, 
starting to 
ruin 
2 Chain 37 111 62.2 Starting to 22.57 
ruin 
2 Belt 20 60 62.2 Starting to 12.20 
ruin 
Nore: A great many more holes were drilled by the chain drive. 
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RESULTS OF EXPERIMENTS ON A 3 IN. BY 36 IN. JONES & LAMSON 


R.P.M. OF 
SPINDLE 


143 
143 
143 


196 
203 


203 


197 
228 


299 


PRESS WITH NEW j IN. 


INA 


R.p.M. OF 
SPINDLE 


264 


to 
“1 
3 

















434 DISCUSSION 


TABLE 3 RESULTS OF EXPERIMENTS ON THE SAME DRILL PRESS AS IN TABLE 
2 WITH NEW 3 IN. DIAMETER CARBON STEEL DRILLS, 0.018 FEED PER 
REVOLUTION, IN A VERY HARD CAST-IRON BLOCK, 3 IN. THICK 


a ConDITION 
3 Hoies | Metar Cur 
K = " or Driti “ 
zs KIND OF Hentep sy Dri, CUTTING SPEED Soares : Time R.p.m. or 
= > DRIVE Noumper INCHES R.P.M. Seeennen Minutes SPINDLE 
fe) 
. Hoes 
3 Chain 17 51 28.0 Starting to 19.84 148.8 
: Belt 14 42 28.4 ruin 15.40 151.4 
4 Chain 17 494 28.0 Started to 18.48 148.8 
run on 17th 
hole 14 in. 
deep 
4 Belt 13 39 28.2 Started to 14.44 150.0 
ruin 


Nore: More holes were drilled by the chain drive, but the percentage of gain was not 
anywhere near as great as in Table 2. 


3 Care was taken in forging, treating and grinding the several 
tools used, to insure uniformity in their cutting qualities; but to 
obviate the possibility of the results being affected by the cutting 
qualities of the different tools, each tool was used with both drives. 

4 One of the tools cut off 16 pieces when chain-driven before it 
became necessary to re-grind, and only 9 pieces when belt-driven. 
The cutting speed in both cases was 94 ft. per minute, feed 0.012 in. 
per revolution, and another tool cut off 8 pieces when chain-driven 
against 5 when belt-driven. In this latter case the cutting speed was 
130 ft. per minute, feed 0.012 in. for chain and belt. 

5 As the cutting periods in the above test were so short, two more 
series of tests were made with longer continuous periods. These tests 
were made on a drill press with new { in. carbon steel drills in a soft 
cast-iron block, 3-in. thick. The same drill was used on both drives, 
and was carefully and uniformly ground for each test. 

6 One of the drills when belt-driven drilled 31 holes before it 
became necessary to re-grind, but when chain-driven the same drill 
drilled 57 holes; the cutting speed in both cases was 62 ft. per minute, 
feed 0.018 in., and another drill at the same speed and feed drilled 
37 holes when chain-driven, against 20 when belt-driven. 

7 The other series of drill tests was made on the same drill 
press, with $3 in. carbon steel drills on a very hard cast-iron block, 
3 in. thick. One of the drills when chain-driven drilled 17 holes 
before it became necessary to re-grind, against 14 holes when belt- 
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driven; the cutting speed in both cases was 28 ft. per minute, feed 
0.018 in. per revolution, and another drill did 17 holes, chain-driven, 
against 13 belt-driven, same feed and speed as above. 

8 The results were so gratifying that further tests are being made 
on four similar automatic machines, at our plant in Indianapolis, 
two fitted with belt drives and two with chain drives. The same feeds 
and speeds will be maintained with each drive throughout the series 
of tests, but a variety of tests will be made to establish the maximum 
efficiency of both belt and chain drives, to the best of our ability. 
The results will all be tabulated and published in a pamphlet in the 
near future. 

9 The accompanying tables contain the tabulated results of my 
experiments. 


Mr. F. A. Watpron. After listening to this paper, one naturally 
asks the question, What is its commercial value? Mr. Allen has 
answered this very well, but I will give a little of my own experience 
with the system. 

2 At the plant of the Yale & Towne Company, most of the 
responsibility for the condition of belts, prior to the author’s going 
there, was placed with me and I am willing to take any criticisms. 
I became an ardent advocate of Mr. Barth’s work on belts, however, 
particularly because of the practical results obtained. 

3 After leaving the Yale & Towne Company, I had occasion to 
purchase a Barth bench and spring-balance and appey the elements 
of the system without spending a large amount in replacing counter- 
shafts. I established the system of varying tensions on different 
machines. A light countershaft would not stand as heavy tension 
on the belt as the author originally prescribed. Tensions on belting, 
lengths, taking up, ete., were recorded. A record of complaints 
received in the millwright department for a specified number of coun- 
tershafts and machine belts had been kept, and for ten days or two 
weeks before installation something like 150 complaints came in. 
After complete installation of the Barth bench and scales and the 
Barth system, the complaints dropped to 80 for two weeks, and six 
weeks later to 35, showing the commercial results of systematic care 
of belts. 

4 Belts as low as 14 in. wide, and some heavy double belts three 
to four inches wide, were the limits on size. 

5 This system was installed almost at the cost of my reputation, 
and on leaving that concern I supposed that the belt bench and 



















436 DISCUSSION 


bench-scales would be relegated to the scrap heap. Having an 
opportunity to put in a belt-bench and scales elsewhere, however, 
I wrote the firm asking if they did not want to sell the bénch and 
scale and they said ‘‘no.”’ 


Mr. A. A. Cary. I was much interested in Mr. Allen’s remarks 
concerning the employment of Mr. Barth’s system and formulae for 
the selection and proper application of belts to drive the numerous 
machines at the Yale & Towne plant, but explanation of one essential 
point is needed to show how this can be practically accomplished. 

2 As I understand, one important factor required in the formula 
used to determine the proper initial tension to which each belt must 
be subjected when put in place, is the horse-power to be transmitted 
by that belt. It has been stated that 4000 belts are used in this 
plant, operating perhaps one-half that number of machines. I would 
like to know the method employed to determine the power require- 
ments of each of these machines so as to obtain the required value of 
this factor when the formulae are used. 

3 If we merely guess at the power required, we depart from the 
exact scientific method of determining information in our belt prob- 
lems and recede toward the “rule of thumb” method, as a formula 
is no more exact than is the value of the most uncertain quantity 
employed in its solution. If Mr. Barth can give us any “short cut” 
method for determining the power required by machines to be driven 
by belts, he wiffunish information that will give his formulae a very 
practical value. 

4 I have had considerable experience in determining the power 
required to operate machinery by use of the steam engine indicator, 
with dynamometers of several forms and through readings obtained 
from electrical instruments, but this work is complicated and requires 
considerable time and preparation. I hope that Mr. Barth can give 
us a simpler method, with which the value of his excellent paper will 
be greatly increased. 


Mr. A. F. NaGue. This paper does not pretend to present any new 
facts, but sets forth, in mathematical formulae and diagrams, data 
obtained by Messrs. Lewis, Taylor and others. It also diagrams 
some simple arithmetical computations. As a work off mathematical 
study and diagrammatic representation, the paper is admirable, but as 
a practical aid to a busy engineer, it seems to me too complicated. 
The only part which holds my attention is the diagram in Fig. 3, 
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giving the horse power of belts at different velocities, and of two types 
spoken of here as countershaft and as main drive belts, but more 
commonly designated as “single and double thickness.’”’ The reason 
for this distinction is that while the stress in the net solid body of the 
leather is taken to be the same in each case, in “single” belts the 
joint is a butt joint and is laced. This cuts away more of the belt 
than where the belt is of double thickness, lapped and cemented, or 
riveted; the difference being in the character of the joint rather than 
in the thickness of the belt. 

2 For comparison then, we can take Mr. Barth’s estimate of the 
relative strength of these belts, as 160 to 240 or 1.0 to 1.50. Mr. 
Towne found these to be as 1.0 to 1.82, and in my early studies, I was 
inclined to adopt this ratio; later, however, I have used the ratio of 
275 to 400 or 1.0 to 1.45. 

3 The belt problem is very far from being one of pure mathematics. 
As in most engineering problems, there is about 5 per cent of scientific 
knowledge involved, and fully 95 per cent of good judgment based 
upon experience. We rarely know the exact power to be transmitted 
except in the case of prime movers. The arc of contact, the velocity, 
and the stress we are willing to put upon the leather, are all easily 
determined, but we cannot decide upon the coefficient of friction by 
formula. A new leather belt upon an iron pulley may not have a 
coefficient of friction of 25 per cent, while the same belt, well worn and 
well groomed, will give 65 per cent in a clean, dry room; put the same 
belt in a wet place, like a tannery, or a dusty place, like a stone- 
crushing plant, and we have an entirely different coefficient. 

4 It seems to me that the designing engineer, even though he 
understands the mathematics of the belt problem, if ignorant or 
unappreciative of the practical conditions under which the belt works, 
will be liable to make a mistake. On the other hand the engineer 
familiar with the conditions, but ignorant of the mathematics involved, 
is also liable to error in his conclusions. A cautious man will endea- 
vor to err on the safe side, feeling no doubt as our venerable ex-Presi- 
dent Mr. John Fritz did, who when remonstrated with for making 
some machinery needlessly strong, replied, “If I-do, nobody will ever 
find it out.” 

5 On general principles, it is of course desirable to work belts, 
like other members of a machine, with large coefficients of safety, but 
engineering, in its last analysis is a question of finance and we must 
“hew as close to the line” as possible. Mr. Towne found the ulti- 
mate strength of laced belts to be 200 lb. per inch width (% in.) thick, 
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and used 4 of this, or 66% lb. as a safe working stress. Mr. Towne 
also found a coefficient of friction of 42 per cent to be safe. The 
general practice of the day has been quite close to these factors, but if 
I understand his diagrams correctly, Mr. Barth has departed far from 
them. 

6 In 1881 I read before the Society a paper giving for the first 
time, I believe, a belt formula which took cognizance of the effect of 
centrifugal force. The data used therein were based principally 
upon Mr. Towne’s experiments. The results obtained were well 
within the safe limits of previous practice for low speeds, but at high 
speeds my formula showed the deviation. Common formulas gave 
results (see Kent, Mech. Eng. Pocket Book, p. 879) as follows: 


For single belt 1 in. wide, 600 ft. per minute (1) 1.09 h.p. 
(2) 0.65 h.p. (3) 0.60 h.p. (4) 0.82 h.p. Nagle 0.73 h.p. 
Barth gives only 0.40 h.p. 

For double belt, common formula 1.17 h.p. Nagle 1.24 h.p. 
Barth 0.68 h.p. 


7 For the purpose of giving a clear conception of Mr. Barth’s 
deviation from the others, I repeat my formula here: 


C. V.tw (S — 0.012 V?) 
h.p. = 
550 
C is a constant expressing the adhesion of the belt upon the pulley 
under a unit of stress of belt. Its value is expressed by the equation 
C =1— 10~°758!4 where ais the are of contact and f the cvefficient 
of friction. The other quantities are as follows: 


V = velocity in feet per second. 
S = Stress upon leather per square inch, which I have taken 
at 275 lb. for laced and 400 lb. for riveted belts. 
t and w are the thickness and width respectively in inches. 
500 f tw = horse power per sec. 
8 To illustrate the solving of this equation, let a = 180 deg. and 
f = 0.40, then 


180 0.40 x 0.00758 = 0.54576 
01—954576 — Jog 10 & 0.54576 = 1 X 0.54576 


0.54576 is a logarithm of which 3.513 is the number. This being a 
minus coefficient, we must take its reciprocal or 0.284; substracting 
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this from 1, we get 0.716. The result could have been obtained by 
subtracting the log 0.54576 from 1, giving 1.45424, and this gives 
0.2846 as its number direct. 














Feet per Second 
600 1200 1800 2400 3000 3600 4200 4800 5400 6000 
Feet per Minute 


Fic. 1 Comparison oF DirreRENT BELT FormuLaAs, BAsep Upon Be ts 1 
In. WipE AND 3, In. Tuck For SINGLE AND } IN. Tuick 
FoR DouBLe BE.tTs 


9 In Kent’s Mechanical Engineering Pocket Book, p. 878, tables 
are given based on this formula, which facilitate its use. I wish to 
call attention to the wide divergence of Mr. Barth’s conclusions from 
those commonly used as well as from my own, as plotted in Fig. 1 
herewith. I have reduced his figures to the same thickness as mine, 
namely #% in. for single and } for double. 

10 This work has been done somewhat hastily and I hope the 
author will check it at least so far as relates so the interpretation of 
his diagram. If my work is correct, I am puzzled to understand why 
his tables of belt horse power differ so much from mine. 


Pror. Wa. W. Birp. I feel very much pleased and highly compli- 
mented to see the results of Mr. Barth’s mathematical analysis of 
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my experiments on belt creep. On afew points, however, I am still 
in doubt in regard to his general conclusion. I believe: 

a That the elasticity of a belt varies with the velocity and 
that at very slow speeds the sum of the tensions would 
remain constant, while at high speeds, if it were not for the 
centrifugal force, that the sum would increase practically 
with the load. If this is true, a belt will improve with 
higher speeds and will not reach a maximum at 4000 ft. 
per minute as shown in Fig. 3. 

b That in determining the size of a belt for a given load, the 
diameter of the smaller pulley should be considered. A 
belt will do relatively less on a small pulley than on a large 
one, other conditions being the same. 

ce That the crowning of the pulleys should be considered as it 
affects the life of the belt. 

d That the carrying capacity of a belt should not be given in 
terms of square inches of cross section, as a double belt 
with one square inch of cross section will not transmit as 
much as a single belt of the same cross section. 

2 I have recently made some tests on compound or rider belts 
and have been somewhat surprised at the relative movements of the 
‘main and rider belts with various pulley ratios, from which I have 
concluded that if these belts were glued together, as they would be in 
a double belt, numerous internal stresses and strains must be set up 
when the belt passes over a pulley, especially over a small one. 

3 The crown is a very serious matter on a small pulley, as the 
following figures will show. Take a 4 in. pulley with a crown of 0.2 
in. in the diameter, if the belt wraps 180 deg., the length in the 
middle of the belt will be 0.31 in. greater than on the sides; this means 
a stretch of 0.05 in. per inch or 1000 lb. stress on middle fiber, taking 
modulus of elasticity as 20,000 lb. The belt must slip or be ruined, 
for this stress does not include load or initial tension and is in itself 
enough to stretch the belt beyond the elastic limit. The slipping 
necessary to adjust this stress must influence the friction and slipping 
of the belt as a whole. 

4 I would like to have Mr. Barth answer a question which I have 
been asked a great many times,—why does thesum of the tensions in a 
belt increase with the load? I would also like to have him calculate 
with his slide-rule the size of a belt for the following conditions: 
20.h.p. motor, 6 in. pulley, 1200 r.p.m., to drive a shaft 12 ft. away 
at 200. Would the same belt last as long if the drive were reversed, 
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that is, a shaft running at 200 r.p.m. driving a generator with 6 in. 
pulley at 1200? I would like also to ask Mr. Barth or any engineer 
present whether he would use the same size belt with the 6 in. pulley 
as a driver as with it as a driven, and with the same size of belt; and 
whether in this case it would last longer, other conditions being 
equal. 

5 Anyone who has undertaken an investigation of the belt prob- 
lem knows that it is almost impossible to keep conditions constant— 
humidity, oil in the belt, surface of pulley, etc., seem to change with- 
out notice and complicate the work. 

6 I wish to congratulate Mr. Barth on his efforts to advance the 
theory of the transmission of power by leather belting, and to agree 
with Mr. Lewis in the conclusion of his paper presented in 1886, 
“That there is still need of more light on the subject.”’ 


Pror. C. H. Bensamin. I have been asked to contribute to the 
discussion of Mr. Barth’s paper; technically, I am afraid I can not 
criticise it or add to it, for it leaves but little more to be said. Sen- 
timentally, I can not but regret the gradual disappearance of our 
terra incognita, both geographical and mechanical. Time was when 
large areas on the map bore the encouraging legend ‘“ Unexplored 
Wilderness” or “‘Great American Desert’’ and left room for the free 
play of the imagination. Today you miss those fascinating areas 
and are tied down to realities. 

2 Not many years ago, the grinding of a lathe tool was an interest- 
ing experiment, attended with much uncertainty, and the matter 
of feeds and speeds offered an alluring field for investigation. Mr. 
Taylor has spoiled all that for us and now our imagination is worked 
by slide-rule. 

3 Time was when the possibilities of belting were vague in outline 
and when ¢oefficient of friction, slack tension and belt creep were 
rather shadowy phantoms. It was pleasant then to speculate on 
what the belt would do and how long it would do it and the man with 
the longest memory had the advantage. But now, Mr. Lewis, Mr. 
Bird and Mr. Barth have taken all the romance out of it and another 
illusion succumbs to the deadly aim of the slide-rule. 

4 Perhaps I take a malicious pleasure in noting that one or more 
factors of the problem are still out of harness and a trifle intangible. 
Our old friend, the coefficient of friction, is in hiding under the belt 
sporting with those other elusive fairies, modulus of elasticity and 
belt-creep. After all, what doesit matter? Aside from theinteresting 
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theoretical questions involved, what we need to know is, first, how 
wide a belt to use at a certain speed to transmit a certain power,— 
Mr. Taylor has answered this question. Second. how tight to lace 
or cement that belt that it may do the work for a reasonable time 
without relacing,—Mr. Barth has told us that. 

5 I began experimenting on belts 25 years ago and have been at it 
more or less since. With a fixed pulley and a slipping belt, I found no 
difficulty in proving ¢ = 0.42 after Rankine, but when I built a 
belt machine and tested belts under running conditions, ¢ lost all 
its constancy and might as well have been called z. Working back- 
wards from the measured tension and using the old formula, I found 
¢ to vary with the load, the speed, the kind of pulley, the age of the 
belt, the weather and the dominant political party—in fine, to be so 
mysterious and intangible a quantity as to be useless for practical 
purposes. 

6 The sum of the tensions also varied in a manner that did not 
admit of rational explanation. And right here let me say that the 
reasons for Mr. Barth’s assumption of constancy for (¢, + 4 #,) are 
hardly clear to me. Why call that constant which is not constant? 
Why call anything constant except as it is shown to be so by measure- 
ment? This is not said in criticism but for the sake of information. 

7 There is one aspect of the paper that deserves special attention 
and that is the recognition of the fact that a belt is an elastic connector 
with a variable length and variable tensions. Most writers on the 
subject have treated belting as if it were a non-extensible element 
which could be exactly represented on paper and whose behavior 

yas capable of exact mathematical analysis. A belt in action is 
almost like a thing alive, squirming, lengthening, shortening, its 
tension changing back and forth with a variable modulus of elasticity 
and a lag in its changes due to its contact with the pulley and the 
short time intervals. A belt must be tested to be appreciated and 
theory must wait upon experiment. 

8 I fully appreciate the value of Mr. Barth’s analysis and can see 
that his methods will result in marked economies in establishments 
where many large belts are used and where conditions are pre-deter- 
mined. In the smaller shop, where conditions vary, and in isolated 
cases with differing sorts of pulleys, differing kinds of belt, new and 
old, I feel that each case will have to be settled On its own merits. 
Until more experiments are recorded, the average machine-designer 
or millwright will have to be guided largely by his own judgment and 
experience in determining the width and tension of each belt. Let 
us have more experiments. 
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Mr. H. K. Hatruaway.' To thescientist and machine-tool designer 
the value of Mr. Barth’s paper will unquestionably be immediately 
apparent, but the writer feels that the paper does not represent with 
sufficient clearness features of the problem that are of inestimable 
value to the engineer concerned with running a shop. Assuming 
that the designer takes care of the sizes of belts required, and the 
speed at which they should be run, in accordance with the conclusions 
of such eminent authorities as Mr. Taylor, Mr. Barth, and Mr. Lewis 
a great deal is lost unless the shop-man properly cares for the mainte- 
nance of such belts. As Mr. Barth has pointed out, the care and 
maintenance of belting in the great majority of shops is done by rule 
of thumb, and left entirely to the judgment of the shop millwright or 
the workman operating the machine. 

2 The efficiency of a belt-driven machine largely depends upon the 
tension of the belts being properly maintained at a point above the 
minimum initial tension at which they will transmit the power 
required. This point Mr. Barth has only slightly touched on, whereas 
the writer feels that this subject should have occupied a section fully 
as large as the body of the paper presented. 

3 Ifa machine stands idle during working hours while the belt 
is being repaired or tightened it produces nothing during that time, 
and there is a distinct loss to the manufacturer. If a machine stands 
idle for one-half hour out of ten hours working time there is a loss 
of 5 per cent in the output of that machine and if ina shop having 
100 machines, 10 machines out of the 100 lose one-half hour each day 
on account of repairs to belts it amounts to a loss of 0.5 per cent 
on the total output of the shop. This feature, however, is probably 
not so bad as the loss in output due to the machine belts being run so 
loose that they cannot begin to take the feeds, speeds, and depths of 
cut for which the machines are designed and that the tools will stand. 

4 The writer has had considerable experience with the system of 
maintenance of belting mentioned in Par. 67 of Mr. Barth’s paper, and 
will describe it briefly. 

5 Almost every foreman or superintendent, in attempting to 
bring up the speeds of his machines to something like what he knows 
to be possible, has found that such attempts usually result in the 
belt’s slipping or breaking, or the lacing giving out, and knows that 
where the care of belts is left to the man on the machine, only ina 
very few cases can the belts be depended upon to dothe maximum 


‘Mr. H. K. Hathaway, The Tabor Mfg. Co., Philadelphia, Pa. 
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amount of work. If, therefore, the maximum feed, speed and depth 
of cut are to be prescribed and used, as is done by the aid of Mr. 
Barth’s slide-rules under the Taylor system, it is essential that belts 
of the best quality and of the proper proportions be used, and that 
they be kept in first-class condition and at the proper tension, so that 
they can be relied upon to give the pull required. _It is also necessary 
that all repairing, tightening, and inspection of belts be done outside 
of working hours that there may be no loss of output from interrup- 
tion to manufacture. In order to accomplish these objects the follow- 
ing system has been evolved. 

6 A record is kept for each belt in the shop on the form shown 
as Fig. 1, on which are given all standard data for each belt in ques- 
tion. 

7 When a new belt is to be put on, or an old belt to be inspected 
or tightened, the special belt fixer’s bench developed by Mr. Gulowsen 
is used, together with the belt-tension scales referred to by Mr. 
Barth. With this apparatus it is possible for one man to remove, 
tighten and replace almost any belt in from six to eighteen minutes. 
In putting on a new belt, or tightening an old one, the drums or 
pulleys on the belt bench are set by means of a steel tape to corre- 
spond with the distance over the actual pulleys, as previously deter- 
mined, and shown on the belting record as ‘‘ Length over Pulleys.” 
A roll of belting, of the proper width and thickness, is next placed in 
the open drum, and passed through one pair of clamps of the belt 
scales around the drums or pulleys and through the other pair of 
clamps of the belt scales. The clamps are then tightened on the 
belt and the belt drawn up by means of the screws until the spring 
balances between the two pairs of clamps record the tension required, 
after which the belt is cut off so that the two ends will come together, 
and the belt is laced on a belt-lacing machine and put on its pulleys. 

8 A memorandum, which also serves as the belt fixer’s order and 
time card, giving him all necessary instruction, is then placed in what 
is called the “‘tickler,”’ a portfolio having a compartment for each 
day of the year, under the date on which the belt will probably 
require re-tightening, and on that day it will be removed from the 
tickler, together with the memoranda for any other belts requiring 
attention, and sent to the belt fixer for attention during the noon 
hour and after quitting-time. 

9 These belts are then removed from their pulleys, taken to the 
belt bench and tested to ascertain whether they require tightening; 
if the tension is found to have fallen to approximately the minimum, 
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they are drawn up to the maximum tension as previously described 
& piece is cut from one end, the belt is re-laced and put back in 
place and these facts are noted on the belt fixer’s memorandum, 
which is then returned to the planning department, and entered on the 
belt record; and a new memorandum placed in the tickler under the 























Out Order Number 
In D I 





Department 








Day Rate....... : Man's Time 
Max. Tension Min. Tension 


Be._t Symso1 








Cleaned and Greased wie ; Grease Used 
Dressed While in Use .. ; Dressing Used 
Amount Taken Out. , Length Put In 
Length of Splice.... caer Cement Used 
Tension in Lbs. Indicated by ( Before Tightening 
Each Spring Balance { After... 
Workman's Name... 5 , Man's No 








Entered in 





Pay Cost Belt 


Sheet Sheet Record — 


note 





Day Work 




















Fic. 2. Bevr Frxer’s OrDER AND Time Carp 


date on which the belt will again require attention. Notices for 
scraping, cleaning and greasing the belts at proper intervals are also 
placed in the tickler. 

10 The length of time a belt will run before the tension will 
fall to the minimum at which it will pull all that is required, hasbeen 
determined from experiments, and a belt seldom requires attention 
before the time set for re-tightening; when this does occur, however, 
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a belt-dressing which does not injure the belt, but which will enable 
it to pull properly until noon or the end of the day, is applied, and the 
memorandum is removed from the tickler and another placed under 
its next date for re-tightening. 

11 The’system described accomplishes four things of vital impor- 
tance to economical production: 


a Freedom from interruption to production from having 
to repair belts during working hours, by having all belts 
systematically inspected and all breakdown and slippage 
anticipated and prevented before they occur. 

b Possibility of using the maximum feeds, speeds and depths 
of cuts at all times. 

c Increase in life of the belt owing to all belts being of the 
proper dimensions and properly laced and spliced and 
run at the proper tension. 

d Reduction of cost of maintenance to a minimum. 


12 Mr. Barth’s belting slide-rule is used in determining the 
dimensions of the belts, the maximum and minimum tensions. The 
writer can speak from experience of the great value of the belting 
slide-rule in solving the belting problems that confront the shop 
engineer, and while the mathematical features of Mr. Barth’s paper 
are unquestionably interesting to many, the writer feels that, like 
himself, many will be glad to accept Mr. Barth’s figures without 
question provided they can have the slide-rule. 

13 Itis a fact that in the average shop very few belts become unfit 
for use through legitimate wear, but rather through accidents or 
improper care. Where the care of the belts is left to the workman, 
the belts are usually far too loose, and when a belt slips it is less 
trouble for the workman to'reduce his speed, feed, or depth of cut, 
or as a last resort to use rosin to make the belt pull. This use of rosin 
will ruin any belt in a very short time. 

14 Very few machinists or even foremen know how to tighten or 
lace a belt properly, the amount to be taken out being usually 
guessed at, and a great deal of time is lost through the machine's 
standing idle while the cutting and trying is going on. The writer 
has seen a good machinist run a cone belt, which he had made too 
tight, on “‘cross cones,” i. e., on steps not in line with each other, 
with the result that it twisted itself up like a corkscrew and was 
practically ruined. 

15 Another cause of premature ruin of belts is improper lacing, the 
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ends not being cut square and the lacing on one side stretching more 
than the other, causing the belt to run crooked. 

16 Cemented splices, when properly made, give the best results. 
Machine lacing, using a spiral wire lacing, while not so good as a 
cemented splice, is very satisfactory, however, and more convenient, 
and takes less time for putting on and taking off belts for the purpose 
of testing and tightening on the belt bench. A belt joined by a 
cemented splice must be tested and spliced in position, which is not 
so convenient as on the belt bench, especially in the case of over- 
head belts. Even where cemented splices are used the belt bench is 
convenient for cutting new belts, or re-tightening to a length giving 
the proper tension, and for repairs. Only one wire joint is used 
in any belt, splices being made if a section becomes damaged so that 
a new piece must be set in. The average belt if cared for under this 
system will last from six to eight years. 

17 The tension on a new belt falls very rapidly, and our present 
practice is to tighten it after 24 hours, then in 48 hours, then in one 
week, then in two weeks, and so on doubling the length of intervals 
until it gets to three months; from this point we must ascertain by 
trial for each belt how much greater the intervals may be. This of 
course depends upon the severity of service the belt is called upon 
to perform as well as the quality of the belt. 
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Pror. L. P. BRECKENRIDGE. , The American Society of Mechanical 
Engineers is to be congratulated upon this valuable and comprehen- 
: sive contribution by Mr. Barth. He has done this work so well and 
presented it in a shape so usable, that I believe it will be, for many 
years, the standard of reference for those who are to decide upon 
the specific duties which belts of various widths shall be called upon 
to do. This paper again emphasizes the necessity for codperation 
between the expert investigator and the mathematician who can 
analyze the results obtained. The specialized professions are becom- 
ing more and more dependent upon the help which each can give 
the other; engineering, in the future, will be more closely allied with 
the sciences of chemistry, physics, mathematics and mechanics, so that 
by the study of existing data principles may be established which the 
engineer cannot himself disclose. 
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Pror. Wa. 8. Aupricu. The author has adopted a valuable and 
unique procedure in the preparation of technical papers; namely, to 
derive guidance for practical work from theory, and to submit that 
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theory to the rigorous requirements of extensive daily use before 
submitting it to the Society. It is needless to add that the theory 
which has stood that test is all the more invulnerable. 

2 If appraisal is to be made of a given hypothesis or theory accord- 
ing to its utility, then surely Mr. Barth’s theory of the transmission 
of power by leather belting has the highest commendation. It has 
worked, and that is the best test of the truth of new theories for the 
engineer. If machine tools are cutting metal today in the most 
intensive use of modern methods and driven by belting whose effective 
pulling power has been readily predetermined by slide-rules con- 
structed according to Mr. Barth’s theory of what leather belting 
ought to pull, then his deductions are reasonably secure. What are 
two or three of the most salient of these? 

3 In the first place, the academic discussion of the constancy of 
the sum of the belt tensions under all loads is finally set at rest. Now 
that we really know what is what, by the invaluable series of experi- 
ments referred to, the wonder is that this fallacy of the constancy of 
the sum of the belt tensions is so persistent in academic circles. 

4 It was doubt of this position that led the writer to analyze 
for himself the experiments on belting then available, those of Mr. 
Wilfred Lewis and J. 8S. Bancroft, undertaken for Wm. Sellers & Co., 
and of Professor Lanza, of the Massachusetts Institute of Technology. 
Both of these were recorded in papers read before the Society, and 
published in Vol. 7 of the Transactions. It is remarkable that these 
classic experiments have been before the world thus long, and yet so 
little studied and respected, and, as far as the writer is aware, have 
not been superseded by experiments in their special field with more 
modern apparatus. Until they are superseded, Mr. Barth’s con- 
clusions must stand, a remarkable instance of the deductive reasoning 
by which it would seem that engineering progress must be made. 

5 On the other hand, Mr. Barth has built up, in characteristic 
fashion, from theoretical considerations more or less influenced by a 
knowledge of the phenomena of belt-transmission, combined with the 
physical properties of belting, certain new and helpful relations that 
must govern in the future. Such is his “new theorem of the relations 
of the tension in a belt,” that “ Under any variation of the effective 
pull of a belt, the sum of the square roots of the tensions in the two 
strands remains constant, as against the old fallacious supposition 
that the sum of these tensions remains constant.” (Appendix, Par. 
26). Therefore, 
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6 Now, if we can obtain a similar relation for the difference of the 

square roots of the tensions, then we shall have at once, by the usual 
formula for the product of the sum and difference of two quantities, 
the difference of their squares; that is, in this case, the difference of 
the squares of the square roots of the tensions, which is the difference 
of the tensions, or the pulling power sought. 
7 This much needed ‘difference of square roots of tensions has 
been indicated by Mr. Barth (Appendix Par. 14), “on the strength 
of the experiments made by Mr. Lewis and himself, namely, that 
within the limits of ordinary working tensions of a belt, the differ- 
ence between the lengths of a belt at different tensions is proportional 
to the difference between the square roots of those tensions.’’ We 
thus have, 


at ee 4 oe ee 


in which K is a constant, dependent upon the material of the belt, 
and determined by experiment on the belt. 
8 Combining with Equation 1, we have, as already indicated 
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It seems to the writer that this might possibly be a helpful deduc- 
tion, though it may be without much practical application; so that 
knowing the initial unit tension 7’, and the lengths of the belt under 
the tensions 7’, and T,, together with the constant K, its pulling 
power (7, — T,) is known. It seems, therefore, necessary to know 
the difference in the lengths of the belt, due to differences in the 
belt tensions, that is, to the different driving powers under which it 
is expected to operate the belt, or in other words, to calibrate the 
belt-performance for this use. 

9 It may be remarked, in passing, that the constant K is to be 
found from the experiments of Mr. Lewis, as analyzed by Mr. Barth 
(Appendix, Equation 3), 
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in which L, equals the length of belt under the unit tension ¢ when its 


slack length is L. From this, by analogy with the above Equation 
2, we have, 
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10 It will no doubt appear that the writer is still inclined to let 
the are of contact and the coefficient of friction of belts take care of 
themselves, notwithstanding the keen discussion that has centered 
about the fourth conclusion in his paper, referred to by Mr. Barth; 
namely, 


“(4) The ratio of the tensions of a belt-transmitting power 
cannot be calculated with any degree of accuracy by 
means of the well-known belt formula: 
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involving the are of contact @ and the coefficient of fric- 
tion i 


11 This relation is no doubt a guide and a help, indicating the 
way the ratios of belt tensions are most likely to be involved. But 
it certainly requires a radical modification to adapt it to any reliable 
use in predetermining the ratio of tensions for lacing up belts for 
given pulling power. Mr. Barth has wrought out these modifiea- 
tions with excellent results, judged by the adaptability of his slide 
rules, and the closeness of approximation to actual conditions (within 
the limits assigned) of the assumptions upon which they are based; 
namely (Par. 44), “that for the driving belt of a machine the mini- 
mum initial tension must be such that when the belt is doing the maxi- 
mum amount of work intended, the sum of the tensions on the tight 
side of the belt and one-half the tension on the slack side will equal 240 lb. 
per square inch of cross section for all belt speeds; and that for a belt 
driving a countershaft, or any other belt inconvenient to get at 
for re-tightening or more readily made of liberal dimensions, this 
sum will equal 160 lb.” 

12 Here, then, is a definite acceptance of things as they are, and 
a straightforward assumption involving additive relations of belt 
tensions of leather belting, as it is made and used, and conformable to 
experience, rather than their ratios agreeable to theoretical formula, 
involving coefficient of friction and are of contact. This latter rela- 
tion (6) is as elusive as the traction-coefficient in railroad work; and 
engineers probably will have their own opinions about each until 
some genius can predetermine what coefficients of friction are to be 
expected in every instance, and so properly introduce the friction 
for dynamic conditions into a formula based entirely upon a con- 
sideration of statical relations. 
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Tue Autuor. In reading the unexpectedly numerous discussions 
of this paper, the author is pleased to note the general appreciation 
of it as a contribution to the literature of its kind, but regrets the 
assumption by two or three of the discussors that he considers the 
paper final in its application of the theories developed. All that is 
claimed is that he has taken practical advantage of the experimental 
data at his disposal, and has taken the pains to do mathematical jus- 
tice to them, deriving therefrom excellent results in the scientific 
running of machine tools whose belts have been tightened and 
worked according to the rules thus established. 

2 While the author feels guilty, therefore, of narrowing to a con- 
siderable extent the scope within which Professor Benjamin’s imagi- 
nation may still run rampant, so far as the behavior of a leather belt 
goes, he fully agrees that further experiments are needed in order to 
determine the coefficient of friction under all the variable conditions 
under which belts are called on to drive; and yet more, in order to 
settle conclusively whether the coefficient of friction is a function of 
the velocity of slip, as he has assumed, or of the percentage of slip, 
as indicated by Mr. Hamerstadt’s study of numerous experiments at 
different belt speeds, though the latter seems contrary to the mechan- 
ical principles involved in the phenomenon of slip. 

3 For the special benefit of Professor Bird, the writer will even 
say, that while all he knows about belting could probably be reduced 
to a pamphlet three times the size of his paper, a good-sized volume 
would probably be required to hold all he does not know but would 
like to know about belting, and a small library would be required 
to record all he does not care a straw to know about the subject. 

4 But while the writer agrees with Mr. Hamerstadt as to the 
desirability of further experiments ‘and will look forward to these 
with the keenest interest, he does not see the force of his argument 
about the necessary overload capacity of a high-speed belt, on a 
motor with an overload capacity; surely we need only make the belt 
big enough to take care of the overload as a normal load, and be 
satisfied to have it unnecessarily large for the rated capacity of the 
motor; just as a bridge intended for a light normal load must still be 
made strong enough for any anticipated occasional extra load. 
Trouble arises only when we do not know how to design a bridge 
properly, or when we get an occasional extra load which we have had 
no reason to anticipate. 

5 Though the writer had not expected to be forced to express 
himself on the question of belt-drives versus electric motor drives, he 
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will say, in view of Mr. Robbins’ remarks, that he believes that during 
the past decade hundreds of thousands of dollars, if not millions, have 
been more than wasted by the substitution of motor-drives for belt 
drives. Such a change has often been advantageous, of course, and 
is occasionally recommended to his clients by the writer: the trouble 
has been that the enormous investments of electrical manufacturing 
establishments have forced the electrical salesman more than any 
other to create a demand for his product, so that not only has he 
allowed his enthusiasm to run away with him, but he frequently has 
recommended his product against his own biased judgment; persuad- 
ing the incompetent shop manager or superintendent to accept his 
product as a remedy for a small output that is in reality due to a 
complication of causes that could be cured only by the application of 
a number of remedial measures. 

6 The writer believes, however, that a reaction against this indis- 

criminate electrification of machine shops has already set in, aside from 
the influence of the industrial depression, and that the electric drive 
will be installed, in the near future, only when conditions make it 
unquestionably more advantageous than the belt-drive. 
7 As touched upon by Mr. Van Derhoef, the elastic properties of 
transmission-rope are probably similar to those of leather belts, and 
it seems to be in order for someone to ascertain them by the neces- 
sary experiments, and subsequently to apply this knowledge by use 
of the writer’s methods. 

8 The writer values Mr. Allen’s statements of the advantages 
derived from the adoption of the Taylor system, as introduced by the 
author in the Yale & Towne Mfg. Co., plant where 4800 belts are thus 
taken care of. Mr. Allen, in conjunction with Messrs. Taylor, Hath- 
away and Waldron, has thus supplemented the scant attention paid 
in the paper to the aspect of the subject most practically important. 
The reason for this omission is that in his work with belting the 
writer has derived by far the greatest personal satisfaction from the 
solution of the mathematical problems involved, and he has been 
unable to eliminate entirely the personal interest. 

9 It is not possible to answer here Mr. Cary’s question as to how 
to estimate the horse-power required to drive each machine in a 
large plant, but the writer will be pleased to give him, and anybody 
else interested enough to pay a visit to Philadelphia, an idea of how 
it is done, by means of slide-rules especially constructed for the pur- 
pose. 
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10 As a further answer to Professor Bird’s various statements 
and questions, the writer will only say that on a more careful reading 
of the paper, as well as the Appendix, and the copy of the Supple- 
ment sent him, he will find most of them answered. For instance, 
the most valuable mathematical developments in the Appendix and 
Supplement answer the question why the sum of the tensions of a 
belt increases with the load; and study of this will help him to formu- 
late for himself an answer to his non-mathematical questioners. 

11 As to the effect of crowning a small pulley, the writer heartily 
agrees with Professor Bird in a general way, though surprised to 
note with what confidence the latter estimates in the crudest and 
most superficial way the difference between the tensions in the middle 
and edge-fibers of a belt running over such a pulley. The writer 
would not attempt this without taking at least a week’s vacation for 
the purpose, and so far has not felt warranted to do so, though well 
aware of the existence of the problem. 

12 The writer is also highly pleased with the appreciation of his 
work expressed by Professor Breckenridge and Professor Aldrich, 
though he has not found the time to enter fully into the latter’s 
second attempt to eliminate the coefficient of friction and the are of 
contact in the solution of belt problems. 

13 The author is sorry that the considerable trouble to which 
Mr. Nagle has gone to make comparisons with his own earlier formulae 
for the horse-power transmitted by leather belting, is based on a mis- 
understanding of the fundamental basis of the author’s work. 

14 As stated in the paper, the author bases his figures on a certain 
tension per square inch of belt, independent both of the strength of 
the belt itself and its thickness, and of the strength of the lacing, 
except that the latter must be in excess of the maximum tension 
brought to bear on a belt while delivering power. The author, there- 
fore, makes no distinction between a single and a double belt, but 
merely considers the tension per square inch of section, as it has not 
been definitely proven that the coefficient of friction depends materi- 
ally on the area of the surface presented by the belt against the pulley. 

15 As Mr. Nagle somehow has assumed that the two horse-power 
curves in Fig. 3 are meant respectively for a single and a double belt, 
whereas they stand for something totally different, it unfortunately 
follows that the comparisons made by him of his own and the author’s 
ideas as to what power a belt should be counted on to transmit, have 
completely miscarried. 

16 Mr. Nagle says that. we cannot decide upon the coefficient of 
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friction by formula. This is unquestionably so, but it is also true 
that, having roughly decided, by one means or another, what we wish 
to count on as the coefficient of friction at any one velocity of a belt, 
we may to great advantage make an empirical formula to represent a 
perfectly-graded change of this coefficient with the velocity; and only 
by so doing can we effect a mathematical solution of the belt problem 
that is an improvement on the unquestionably wrong assumption of a 
coefficient independent of the velocity of the belt, such as 0.42, origin- 
ally recommended by Mr. Towne, or 0.28, recommended by the late 
Professor Ruleaux. 

17 The author fully agrees with Mr. Nagle that “a new belt on an 
iron pulley may not have a coefficient of friction of as much as 0.25, 
while the same belt, well worn and well groomed, will give 0.65 in a 
clean, dry room;” and, more than that, knows that this elusive quan- 
tity will vary all the way from almost 0 to 1.50. However, just 
because the author is a practical and practicing engineer though very 
fond of a little pure mathematics in the handling of practical engineer- 
ing problems, he has adopted something as a standard, this something 
being a variable lying happily between the great extremes, instead of 
being merely a single average between the extreme values. 

18 The author is not at all disappointed because a perfectly new 
belt will not give the output required, at its minimum tension, without 
the resort to a temporary application of some good adhesion-produc- 
ing belt-dressing; nor on the other hand, when a “well worn and 
groomed” belt at times is capable of giving the output required, at a 
little less initial tension than the one he aims at maintaining by the 
means more fully described in the discussions submitted by Mr. Allen 
and Mr. Hathaway. 

19 Mr. Nagle also remarks that we rarely know the exact power to 
be transmitted except in the case of prime movers, which no doubt 
is true, so far as the work of most engineers is concerned. However, 
in the author’s practice at least, the maximum output of every belt 
put up on any machine is known; simply because he personally sets 
the limit, and has means of seeing that the same is never exceeded. 

20 Mr. Nagle refers to his paper read in 1881 as the first one to 
recognize the effect of centrifugal force in a belt. A correct formula, 
however, for the loss of effective tension in a belt, due to its centrifugal 
force, was given by Weisbach, at a much earlier date. This fact does 
not detract, of course, from the value of Mr. Nagle’s paper, in which, 
probably for the first time, this matter was presented in a manner that 
made it readily available to the busy, practical engineer. 
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21 As regards Mr. Nagle’s suggestion that the data have not been 
presented in a sufficiently handy form for the busy engineer, the 
author believes he has failed to appreciate the slide-rule illustrated in 
Fig. 5, which contains these data in a form which for handiness 
leaves tables and diagrams far behind. 
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VoLUME THERMODYNAMICS OF Liquips. By Carl Barus. Washington, Govern- 
ment, 1892. (U.S. Geol. Survey. Bulletin No. 96.) 


EXCHANGES 


ALLGEMEINE AUTOMOBIL ZEITUNG. Year 10, No. 4-date. 


ANNUAL REPORT OF THE BOARD OF REGENTS OF THE SMITHSONIAN INSTITUTION, 
1907. Washington, Government, 1908. 











466 ACCESSIONS TO LIBRARY 


COMPARATIVE Tests OF RuN-oF-MINE AND BrRIQUETTED COAL ON LOCOMOTIVES. 
By W. F. M. Goss. Washington, Government, 1908. (U.S. Geol. Survey. 
Bulletin No. 363.) 


INDUSTRIAL ProGrREss. Vol. I, Milwaukee, Wis., 1909. 
RAILWAY ENGINEER, Vol. 30. London, 1909. 
Ratbway News, London, Vol. 91, Jan. 1909-date. 
Raibway Times, London, Vol. 95. 1909-date. 


REPORT OF THE LIBRARIAN OF CONGRESS. 1908. Washington, Government 
1908. 


Strupy oF Four HunDRED STEAMING Tests MADE At THE FUEL TestTinG PLANT, 
Sr. Louis, Mo., in 1904, 1905, anv 1906. By L. P. Breckenridge. Wash- 


ington, Government, 1907. (U.S. Geol. Survey. Bulletin No. 325.) 


Tests oF CoAL AND Briquets As FuEL ror House Heatine Borters. By 
D. T. Randall. Washington, Government, 1908. (U. S. Geol. Survey. 
Bulletin No. 366.) 


TRANSACTIONS OF THE LIVERPOOL ENGINEERING Society, Vol. 29. Liverpool, 
Society, 1908. 


CATALOGUES 
Burt Mra. Co., Akron, Ouro, Burt Orn Fitters Exnaust HEADS AND VEN- 
TILATORS. Ohio, 1908. 


THe CoLurns WirELEss Buuuetin. Collins Wireless Telephone Co., Newark, 
1909. 


CRANE Company, Chicago, Ill. Valves and Fitting for Ammonia (catalogue 
No. 41). 


GOLDSCHMIDT THERMIT CoMPANY, 90 West St., City. Thermit Repairs. 
MIRRLEES, BICKERTON AND Day, Lrp. The “ Mirrlees-Diesel” Oil Engine. 


Wo. B. ScarrE AND Sons Company, Ist Ave., Pittsburgh, Pa. Water Purifica- 
tion for all Purposes. 


ToLepo FouNDRY AND MACHINE CoMPANY, Toledo, Ohio. Victor Steam Shovels 
and Dipper Dredges. 





























EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 15th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who are 
capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


047 Instructorship in kinematics of machinery in Eastern college; incumbent 
to give lecture and recitation course and parallel drafting room course in the 
subject. Technical graduate who has shown excellent proficiency in the subject 
as a student and who has had at least one year of practical experience since 
graduation desired. New York State. 


048 Assistant Professor in steam engine and boiler design; also some work 
in steam turbine design. Man is desired who has had experience in design and 
testing, preferably some teaching experience. Salary $1800 to $2000. Loca- 
tion New York State. 


049 Wanted—aAn Assistant Superintendent in factory manufacturing— 
Loeation, Pennsylvania. 


050 Expert on structural steel as applied to naval turrets or similar work. 
U.S. Government. Salary $1600 to $1800. 


051 Electrical draftsman with experience in application of electrical machin- 
ery to naval turrets or similar work. U.S. Government. Salary $1600 to $1800. 


052 Eight mechanical draftsmen, preferably experienced in design of ord- 
nance. U.S. Government. Salary $1600 to $1800. 


053 Ambitious young man, one with selling experience preferred, to handle 
in Philadelphia and neighboring towns, a machine involving the installation of 
complete power plants. A capable man can make this a profitable position. 


054 By publisher in New York, young engineer to compile and edit engineer- 
ing data. Preferably one with editorial experience who can read French and 
German. Permanent position. 
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MEN AVAILABLE 


222 Machine shop superintendent or manager. ‘Technical graduate. Ex- 


perience covers from draftsman and salesman to works manager. All-round 
executive and mechanic. Successful in handling men and equipment for profit- 
able output. Desires position as superintendent or manager, preferably with 
company employing 500 men or less. 

223 Associate member, aged 30, who has specialized on fuel economy, and 
is carrying on a consulting practice with headquarters in New York, desires to 
become associated with other consulting engineer or firm of consulting engineers, 
either electrical or mechanical, with offices in New York City. 


224 Associate desires to make a change. Varied drawing-room experience, 
including checking and charge of men. Would prefer work on heavy machinery 
and furnaces for rolling steel or tube mills. 

225 Junior member; four years shop experience in design and construction of 
steam engines and general machinery, three years in charge of drafting depart- 
ments; past five years designing and supervising construction of steam, gas and 
hydro-electric power plants; has also had experience in operation of electric plants. 


226 Junior, technical graduate, American, 5 years experience in mechanidal 
power station equipment, at present located in Germany, would consider positién 
as European representative, preferably in Germany or England, for engineering 
or manufacturing company. Speaks German fluently. 

227 Member of the Society, now assistant works manager of one of the large 
manufacturing establishments of the country, will undertake the betterment of 
existing manufacturing properties, or will develop new ones. 


228 Member, with wide experience as executive officer in management of 
machine tool business, desires similar position. Location New England or New 
York. 

229 Member, Stevens graduate, 25 years experience. Expert on highest 
grade of interchangeable manufacture. Competent as manager, superintendent, 
or chief engineer. Experience embraces the manufacture of automobiles, type- 
setting machinery, typewriters, firearms, etc. 


230 Member, twenty years practical experience in designing, manufacturing 
and marketing special machinery (plant equipments). Broad acquaintance in the 
East. Will consider proposal from reliable manufacturer, to act as representa- 
tive. Bank reference. 

















CHANGES IN MEMBERSHIP 


CHANGES OF ADDRESS 


ADAMS, Thomas D. (Junior, 1906), Werner and Pfleiderer, and for mail, 732 
Jefferson Ave., Saginaw, Mich. 

AHRNKE, H. P. (Junior, 1902), Pa. Tunnel and Terminal R. R. Co., Office of 
Ch. Engr. of Elec. Traction, 8-10 Bridge St., New York, N. Y. 

ALLEN, George L., Jr. (Junior, 1906), Iloilo, Philippine Islands. 

ANDERSON, Harry Warfield (Associate, 1907), V. P., W. E. Austin Co., Mgr., 
Auto Dept., Atlanta Buggy Co., 1228 Candler Bldg., and for mail, No. 6, 
Lenox Apt., 31 Porter Pl., Atlanta, Ga. 

BARROWS, Lee Earle (Junior, 1908), care of Y. M. C. A., Nelsonville, O. 

BATCHELOR, Charles (1880),°33 W. 25th St., New York, N. Y. 

BLACK, Edward 8S. (1903), 35 Wade Bldg., Cleveland, O. 

BOGARDUS, Henry A. (Associate, 1907), Henry A. Bogardus & Co., 178 E. 
Huron St., Chicago, Ill. 

BRINTON, Willard C. (Junior, 1907), Industrial Engr., Westinghouse Elec. 
and Mfg. Co., East Pittsburg, and for mail, 611 Whitney Ave., Wilkinsburg 
Sta., Pittsburg, Pa. 

CALDWELL, John A. (1907), 90 West St., New York, N. Y., and for mail, 55 
Walnut St., Montclair, N. J. | 

CHAMBERLAIN, George E. (1907), 1614 Fisher Bldg., Chicago, Ill. 

CHAPMAN, David Albert (Junior, 1908), Supt. of Estate of E. S. Converse Co., 
101 Milk St., Boston, and for mail, 163 Grover Ave., Winthrop Highlands, 
Boston, Mass. 

CHRISTIE, Alexander G. (Associate, 1907), Research Asst. in Steam Engrg., 
Univ. of Wisconsin, and for mail, 1713 Monroe St., Madison, Wis. 

CHURCHILL, Chas. O. (1906), The Georgian Mfg. Co., Binghamton, N. Y. 

COMLY, Geo. N. (1880), 1816 W. Genesee St., Syracuse, N. Y. 

COON, Thurlow Emmett (Junior, 1908), 1443 Washtenaw Ave., Ann Arbor, 
Mich. 

CRANE, William Edward (1887), 420 Willow St., Waterbury, Conn. 

DARLINGTON, Philip J. (1904), The Roto Co., P. O. Box 1043, Hartford, Conn. 

DE CAZNOVE, Louis A., Jr. (Junior, 1905), Mech. Engr. of Constr. Dept., E. I. 
Du Pont De Nemours Powder Co., and for mail, The Wilmington, Delaware 
Ave., Wilmington, Del. 

DYER, Robt. M. (1892; 1904), V. P. and Treas., Puget Sound Bridge and Dredg- 
ing Co., 432-41 Central Bldg., and 420 13th Ave., N., Seattle, Wash. 

ESTES, William Wood (1891;1904), Designer, Taft-Pierce Co., Woonsocket, and 
for mail, 245 Waterman St., Providence, R. I. 

FLORY, Burton P. (1906), Supt. M. P., Ontario & Western Ry. Co., Middletown, 
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FOX, Royal E., Jr. (Junior, 1901), V. P., The Engineer Co., 30 Church St., Room 
1180, and Irving Arms, 222 Riverside Drive, New York, N. Y. 

GANNETT, Herbert I. (Junior, 1900), V. P. and Genl. Mgr., Monarch Acetylene 
Co., 66-70 Exchange St., and 113 Summit Ave., Buffalo, N. Y. 

GAZZAM, Joseph P. (1902), Life Member, 5027 Westminster Pl., St. Louis, Mo. 

GODFREY, Eli S. (1891), Tannersville, N. Y. 

GORDON, Fred. W. (1880), Gladstone, 11th and Pine Sts., Philadelphia, Pa. 

GRAVER, Alexander M. (Junior, 1908), Mech. Engr., Wm. Graver Tank Wks., 
East Chicago, Ind., and 7211 Yale Ave., Chicago, IIl. 

GRAY, John Lamont (Associate, 1904), Gray Bros., Engrs. and Shipbuilders, 
and for mail, care of Ardlamont, 9 Esplanade, Williamstown, Melbourne, 
Victoria, Australia. 

HANEY, James Briggs (Junior, 1905), U. S. Engr. Office, McCandless Bldg., 
Honolulu, Hawaii. 

HANSELL, William H. (1908), Member firm of Edward Smith Co., Cons. Engrs., 
605 Provident Bldg., and for mail, 4420 Sansom St., Philadelphia, Pa. 

HAUGHTON, Frank A. (1903), 243 Jamaica Ave., Flushing, L. I., N. Y. 

HAYWARD, Henry 8., Jr. (1900; 1907), 60 North Ave., Elizabeth, N. J. 

HENES, Louis G. (Junior, 1903), Key Route Hotel, Oakland, Cal. 

HERBERT, Charles G. (1900), Solvay Process Co., Syracuse, N. Y. 

HIRT, Louis Joseph (1894), Mech. Engr., Broad Exchange Bldg., 25 Broad St., 
New York, and for mail, 34 Morsemere Pl., Yonkers, N. Y. 

HUMPHREYS, Alex. C. (1884), Manager, 1907-1910, Life Member; Pres., 
Stevens Inst. of Tech., Hoboken, N. J., Pres., Buffalo Gas Co., and Senior 
Member of Humphreys & Glasgow, Incorp., 165 Broadway, New York, N. Y. 

JACKSON, Roscoe B. (Junior, 1904), 1091 Champlain St., Detroit, Mich. 

JAKOBSSON, Herman G. (1907), Engrg. Dept., Midvale Steel Co., Philadelphia, 
Pa. 

LARSON, Charles J. (1907), Ch. Engr., Unidn Elec. Co., and for mail, 1058 Locust 
St., Dubuque, Ia. 

LEEPER, Ralph W. (Junior, 1908), 304 Clinton St., Schenectady, N. Y. 

LILLIE, Grant W. (Junior, 1901), Mech. Engr., St. Louis & San Francisco R. R., 
and for mail, 1120 Summit St., Springfield, Mo. 

LUCAS, Henry van Noye, Jr. (Junior, 1905), present address unknown. 

LUNGER, Waldo G. (Junior, 1901), 637 Hinman Ave., Evanston, Ill. 

McKIEVER, Wm. Henry (1900), Everett Bldg., Union Sq. N., and for mail, 
120 Central Park S., New York, N. Y. 

NEUHAUS, Fritz A. E. (1898;1906), Ch. Engr. and Genl. Supt., A. Bosrig, Tegel 
Berlin, and Olivaerplatz 7, Charlottenburg, Germany. 

PALMER, Virgil Maro (Junior, 1905), Selden Motor Vehicle Co., Rochester, N. Y. 


PERRIGO, Oscar Eugene (1904), Cons. Mech. Engr. and Pres., Modern Systems 
Cor. School, 6 Beacon St., Boston, and 151 Lynnfield St., Peabody, Mass. 
PERRY, Samuel B. (Junior, 1895), 72 William St., New York, and Hollis, L. L., 

ae 
PINGER, Geo. C. (Junior, 1907), The Wm. Tod Co., and for mail, 239 Spring St.» 
Youngstown, O. 
POWELL, E. Burnley (Junior, 1904), Stone & Webster Engrg. Corp., 147 Milk 
St., Boston, Mass. 
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PRATT, Charles Richardson (1896), Cons. Engr., 1123 Broadway, New York, 
N. Y., and 39 Gates Ave., Montclair, N. J. 

RIDDLE, Howard Sterling (1905), Wks. Engr., The Jeffrey Mfg. Co., and for 
mail, 904 Neil Ave., Columbus, O. 

ROBERTS, Edmund W. (1904), Mech. Engr., V. P. and Genl. Mgr., The Roberts 
Motor Co., Sandusky, O. 

ROSE, William Holliday (Junior, 1901), 220 Broadway, New York, N. Y. 

ROSS, Taylor W. (Junior, 1895), Asst. Supt. of Hull Constr., Newport News 
Ship-Building and Dry Dock Co., and for mail, 3112 West Ave., Newport 
News, Va. 

RUST, Edwin Gray (1901), Treas., Sheffield Coal and Iron Co., Sheffield, Ala. 

SARENGAPANT, T. 8. (Junior, 1903), Head Draftsman, P. W. D., Bezwada, 
and for mail, Karantattamkudy, Tanjore, Madras, India. 

SMITH, William E. (Junior, 1908), 518 Olive St., Scranton, Pa. 

TALCOTT, R. Barnard (1907), Florence Court, Washington, D. C. 

TRACY, Theron H. (1902), Pres., Tracy-Devereaux Co., 211-15 Kerckhoff 
Bldg., Los Angeles, Cal. 

VAN VALKENBURGH, Ralph D. (1901; Associate, 1905), Ch. Engr., H. W. 
Caldwell & Son Co., Wes‘ern Ave., 17—18th Sts., and for mail, 1088 Millard 
Ave., Chicago, Ill. 

WEAR, Burt C. (Junior, 1905), Draftsman, Engrg. Dept., Republic Iron and 
Steel Co., and for mail, 272 Arlington St., Youngstown, O. 

WILDER, Sylvanus Wells (Junior, 1907), Supt., Dolphin Jute Mills, and for 
mail, 283 Ellison St., Paterson, N. J. 

WILSON, Clarence C. (Junior, 1900), Cons. Engr., 22 First St., San Francisco, 
Cal. 

ZIMMERMAN, Oliver B. (1905), Ch. Draftsman, M. Rumely Co., La Porte, Ind. 


NEW MEMBERS 


ALDEN, Herbert W. (1908), Mech. Engr., Timken Roller Bearing Axle Co. 
Canton, O. 

BANNON, Leo Matthew (Junior, 1908), Asst. Supt., Union Bleaching and Finish- 
ing Co., Greenville, S. C. 

BIXBY, William P. (Junior, 1908), Erie Railroad Co., and for mail, P. O. Box 
364, Meadville, Pa. 

CHESTER, Chas. Porter (Associate, 1908), Supt., The Morenci Water Co., 
Morenci, Ariz. 

CHURCH, Elihu C. (Junior, 1908), Lecturer, Dept. of C. E., Columbia Univ., 
and for mail, 4 E. 130th St., New York, N. Y. 

CRAIG, Charles H., Jr. (1908), Asst. Supt., Am. Steam Gage and Valve Mfg. 
Co., 208 Camden St., Boston, and for mail, Needham, Mass. 

DE VED, Horace W. (Junior, 1908), Asst. to Engr., Westchester Lighting Co., 
Mt. Vernon, N. Y. 

DULL, Raymond Wm. (1908), Ch. Engr., Stephens-Adamson Mfg. Co., Aurora, 
Ill. 

DUNHAM, George W. (1908), Ch. Engr., Olds Motor Wks., and 738 Ionia St. W., 
Lansing, Mich. 

DYER, Robert A., Jr. (1908), Asst. Genl. Mgr., Rochester, Syracuse & Eastern 

R. R. Co., and for mail, 2 Sheridan St., Auburn, N. Y. 
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ENGLISH, Harry K. (Associate, 1908), Box 688, Gary, Ind. 

KEIL, Gustave B. (1908), M. M., Mills Novelty Co., Mills Bldg., and fer mail, 
2340 N. Paulina St., Chicago, IIl. 

MEES, Curtis A. (Associate, 1908), Designing Engr., Southern Power Co., Char- 
lotte, N. C. 

NEELY, Frank Henry (Junior, 1908), Westinghouse Elec. and Mfg. Co., and for 
mail, 435 Ross Ave., Wilkinsburg, Pa. 

PARKER, Levin S. (1908), Mech. Engr., Atlantic Gulf and Pacific Co., 2407 Park 
Row Bldg., New York, N. Y. 

PAUL, Charles Edward (1908), Assoc. Prof. of Mechanics, Armour Inst. of Tech., 
and for mail, 6355 Ingleside Ave., Chicago, IIl. 

PULMAN, Thomas Chas. (1908), 10 Clive St., Calcutta, India. 

ROBINSON, Arthur L. (1908), Elec. Engr., Isthmian Canal Co1n., Culebra, Canal 
Zone, Central America. 

SATTERFIELD, Howard E. (Associate, 1908), The N. C. College of Agriculture 
and Mechanic Arts, West Raleigh, N. C. 

SCOTT, Arthur Curtis (1908), Prof. of Elec. Engrg., Univ. of Texas, Austin, Texas. 

SPENCER, Frank C. (Associate, 1908), Mech. and Constructing Engr., 7135 
Eggleston Ave., Chicago, IIl. 

THOMAS, Carl C. (1908), Prof. of Mech. Engrg., Univ. of Wisconsin, Madison, 
Wis. 

THOMPSON, Byron Lyman (Associate, 1908), Asst. Mgr., Bi-Carbonate Dept., 
Solvay Process Co., and for mail, 212 Erie St., Syracuse, N. Y. 

TOMLINSON, Charles E. (Associate, 1908), Smith Premier Typewriter Co., 
Syracuse, N. Y. 

VOIGHT, Henry Gustave (1908), Supt. of Design and Constr., Russell & Erwin 
Mfg. Co., and for mail, P. O. Box 406, New Britain, Conn. 

WALLACE, Jacob H. (Associate, 1908), Instr. in drawing, Univ. of Colo., and 
for mail, 1313 7th St., Boulder, Colo. 

WALLICHS, Adolph O. (1908), Prof., Technische Hochschule, and for mail 
Wizze-Allee-65, Aachen, Germany. 

WINSHIP, Walter E. (1908), Advisory Engr., Gould Coupler Co., Sales Engr., 
Gould Storage Battery Co., and for mail, 82 W. Washington Pl., New York, 
a? - 


PROMOTIONS 


COX, Frank G. (1905; 1908), Engr. Otis Elevator Co., 17 Battery Pl., New York, 
| oe A 

LIBBEY, Joseph Harold (1901; 1904; 1908), Mech. and Elec. Engr., Stone & 
Webster Engrg. Corp., 147 Milk St., Boston, and 14 Parsons St., West New- 
ton, Mass. 

OHLE, Ernest L. (1906; 1908), Washington Univ., St. Louis, Mo. 

O’NEIL, Frederick Wm. (1901; 1908), N. Y. Mgr., Nordberg Mfg. Co., Room 1009, 
42 Broadway, New York, and 260 Pelham Rd., New Rochelle, N. Y. 

WILLCOX, George B. (1895; 1908), Secy. Treas., and Genl. Mgr., Willcox Engrg. 

Co., 502 Eddy Bldg., and 1413 Genesee Ave., Saginaw, Mich. 





















































CHANGES IN MEMBERSHIP 


RESIGNATIONS 


FOUCARD, Marcel L. NORTHRUP, Lewis M. 
WHITLOCK, R. H. 


DEATHS 


ALLEN, Walter M. GRAY, Thomas 
CHICKERING, Kenton HUYETTE, William S. 


Gas Power SEcTION 


CHANGES OF ADDRESS 


COMLY, Geo. N. (1908), 1816 W. Genesee St., Syracuse, N. Y. 
LANE, J. 8. (1908), 50 Church St., New York, N. Y. 
ZIMMERMAN, Oliver B. (1908), Ch. Draftsman, M. Rumely Co., La Porte, Ind. 


NEW MEMBERS 


BAKER, John A. (Affiliate, 1908), Traveling Engr., Power and Mining Mchy. 
Co., 115 Broadway, New York, N. Y. 

BARNABY, Charles W. (1908), 309 Broadway, New York, N. Y. 

BUMP, Milan Raynard (Affiliate, 1908), Secy., Doherty Operating Co., 60 Wall 
St., New York, N. Y. 

COOK, Wm. Pierson, Jr. (Affiliate, 1908), Salesman, Buick Motor Co., 1111 Dean 
St., Brooklyn, N. Y. 

CORMACK, George, Jr. (Affiliate, 1908), V. P. and Designer, Rockford Eng. 
Wks., Rockford, IIl. 

ENNIS, Wm. Duane (1908), Prof. Mech. Engrg., Polytechnic Inst., Brooklyn, 
> Ee 

GILLETTE, Ralph P. (Affiliate, 1908), Mgr. Mech. Sales and Secy., Minneapolis 
Steel and Mchy. Co., Minneapolis, Minn. 

HANSON, George (Affiliate, 1908), Supt., Charter Gas Eng. Co., Sterling, IIl. 

HASBROUCK, Stephen A. (Affiliate, 1908), Mech. Engr., 177 Willetts ave., New 
London, Conn. 

HOPCROFT, Ernest Bigly (Affiliate, 1908), 511 Insurance Bldg., Rochester, N. Y. 

LATHROP, Jay Cowden (Affiliate, 1908), Cons. Engr., 717 Terminal Bldg., 
New York, N. Y. 

LOOMIS, Malcolm F. (Affiliate, 1908), Sales Mgr. and Supt., Alamo Mfg. Co., 
Hillsdale, Mich. 

MAIBAUM, Jerome (Affiliate, 1908), Leading Elec. Draftsman, N. Y. Edison Co., 
55 Duane St., and 1052 Grant Ave., New York, N. Y. 

MATTHEWS, Fred E. (1908), Room 901, 90 West St., New York, N. Y. 

MAYERS, J. Alex (Affiliate, 1908), Gas Engr., 56 Pine St., New York, N. Y. 

MONAHAN, Louis J. (Affiliate, 1908), V. P., Supt. and Mech. Engr., Termaat & 
Monahan Co., 270 Washington St., Oshkosh, Wis. 

MORRISON, William S. (Affiliate, 1908), Leading Mech. Draftsman, N. Y. Edi- 

son Co., 55 Duane St., New York, N. Y. 
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NILSON, Lars G. (Affiliate, 1908), Ch. Engr., Strang Gas-Elec. Car Co., and for 
mail, 108 13th St., Hoboken, N. J. 

OESTERREICHER, Sandor Ignatius (Affiliate, 1908), Elec. Draftsman, 342 
High St., Newark, N. J. 

PARKER, John Castlereagh (1908), Mech. and Elec. Engr., Rochester Ry. and 
Light Co., Rochester, N. Y. 

PLATTS, C. Arthur (Affiliate, 1908), Ch. Engr. Producer Gas Sta., B. E. Ry. 
Co., 399 Salem St., Medford, Mass. 

SANDELL, Sixten O. (Affiliate, 1908), Draftsman, N. Y. Edison Co., 55 Duane St, 
New York, N. Y. 

SEAGER, James B. (1908), Genl. Mgr., Olds Gas Power Co., Lansing, Mich. 

SERGEANT, Chas. H. (1908), Mech. Engr., 4 Manhattan Ave., New York, N. Y. 

SKEHAN, Eugene A. (Affiliate, 1908), Leading Elec. Draftsman, N. Y. Edison 
Co., 55 Duane St., New York, N. Y. 

SMITH, Bronson H. (Affiliate, 1908), Mech. Engr., Westinghouse, Church, Kerr 
& Co., New York, and for mail, 450 E. 21st St., Brooklyn, N. Y. 

SNYDER, William E. (1908), Mech. Engr., Am. Steel and Wire Co., Frick Bldg., 
Pittsburg, and for mail, Denslow Apts., California Ave., Allegheny, Pa. 
SPARROW, Ernest P. (1908), B. F. Sturtevant Co., Hyde Park, and for mail, 

18 Gleason St., New Dorchester, Mass. 
STETSON, George R. (1908), Pres. and Genl. Mgr., New Bedford Gas and Edison 
Light Co., 125 Middle St., and 7 Anthony St., New Bedford, Mass. 
YOUNG, Nelson J. (Affiliate, 1908), N. Y. Edison Co., 55 Duane St., New 
York, N. Y. 

















COMING MEETINGS 


AERONAUTIC SOCIETY 
March 10, ete., evenings, weekly meetings, Automobile Club of America, 
W. 54th St., New York. Secy., Wilbur R. Kimball. 
AMERICAN GAS POWER SOCIETY 
April 27, quarterly meeting, Minneapolis, Minn. Secy., R. P. Gillette. 
AMERICAN GEOGRAPHICAL SOCIETY 
March 23, 29 W. 39th St., New York, 8 p.m. Paper: Across Widest Africa, 
A. H. 8S. Landor. Clerk, H. D. Ralph. 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
March 12, April 9, 33 W. 39th St., New York, 8 p.m. Secy., R. W. Pope. 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
March 26, monthly meeting, Toronto Section. Secy. pro tem., W. H. Eisen- 
heis, 1207 Traders’ Bank Bldg. 
AMERICAN SOCIETY OF CIVIL ENGINEERS 
March 17, April 7, 220 W. 57th St., New York. Secy., C. W. Hunt. 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
March, 24, joint meeting on Conservation of Natural Resources, 29 W. 39th 
St., New York, 8 p.m. Secy., Calvin W. Rice. 
AMERICAN RAILWAY ENGINEERING AND MAINTENANCE OF WAY 
ASSOCIATION 
March 16-18, annual convention, Auditorium Hotel, Chicago, Ill. Secey., 
BE. H. Fritch, 962 Monadnock BIk. 
ARCHITECTURAL INSTITUTE OF CANADA 
April 6, Special General Meeting, Toronto, Ont. Secy., Alcide Chaussé, 
Montreal, Que. 
ASSOCIATION OF ELECTRIC LIGHTING ENGINEERS OF NEW ENGLAND 
March 17, annual meeting, Boston, Mass. 
BLUE ROOM ENGINEERING SOCIETY 
April 1, 29 West 39th St., New York. Secy., W. D. Sprague. 
BOSTON SOCIETY OF ARCHITECTS 
April 6. Secy., Edwin J. Lewis, 9 Park St. 
BOSTON SOCIETY OF CIVIL ENGINEERS 
March 17, annual meeting, Tremont Temple. Secy., 8. E. Tinkham, City Hall. 
BROOKLYN ENGINEERS’ CLUB 
March 11, 197 Montague St., Brooklyn, N.Y. Paper: Fire Hazard and 
Fire Protection in the U.S., Hugh T. Wreaks. Secy., J. Strachan. 
CANADIAN CEMENT AND CONCRETE ASSOCIATION 
March 1-6, Convention, Toronto, Ont. Seey., A. E. Uren, 62 Church St. 
CANADIAN FREIGHT ASSOCIATION 
April 9, annual meeting. Secy., T. Marshall, Toronto, Ont. 
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CANADIAN MINING INSTITUTE 


March 3-5, annual meeting, Windsor Hotel, Montreal, Que. Secy., H. 
Mortimer-Lamb. Windsor Hotel. 

CANADIAN RAILWAY CLUB . 
April 6, Windsor Hotel, Montreal, Que., 8 p.m. Secy., Jas. Powell, St. 
Lambert, Montreal. 

CANADIAN SOCIETY OF CIVIL ENGINEERS 
March 12, General Sectional Meeting; March 19, electrical section; March 26, 
mechanical section; April 2, mining section. 413 Dorchester St. W., Mon- 
treal, Que. Secy., Prof. C. H. McLeod. 

CANADIAN SOCIETY OF CIVIL ENGINEERS, Manitoba Branch 
March 4, April 8, monthly meetings, University of Manitoba. Paper for 
March: Transcontinental Railway from Moncton to Winnipeg, 8. R. Poulin. 
Secy., E. Brydone Jack. 


CANADIAN SOCIETY OF CIVIL ENGINEERS, Toronto Branch 
March 25, regular meeting, 96 King St. W. Secy., T. C. Irving, Jr. 
CAR FOREMEN’S ASSOCIATION OF CHICAGO 
April 12. Secy., Aaron Kline, 326 N. 50th St. 
CENTRAL ASSOCIATION OF RAILROAD OFFICERS 
April 13, Cincinnati, Ill., 11 a.m. 
CENTRAL ASSOCIATION OF RAILROAD OFFICERS 
March 11, Toledo, O. Secy., H. M. Ellert. 
CENTRAL RAILWAY AND ENGINEERING CLUB OF CANADA 
March 16, Rossin House, Toronto, Ont. Secy., C. L. Worth, Room 409, 
Union Sta. 
CENTRAL RAILWAY CLUB 
March 12, Hotel Iroquois, Buffalo, N. Y., 8 p.m. Paper: The Use of Steel in 
Passenger Car Construction, J. McE. Ames. Secy., H. D. Vought, 95 Liberty 
St., N. Y. 
CLEVELAND ENGINEERING SOCIETY 
March 9, monthly meeting, Caxton Building. Paper: Niagara Falls Hydrau 
lic Power Co.,G. R. Shepherd. Secy., Joe C. Beardsley. 
COLORADO SCIENTIFIC SOCIETY 
April 3, monthly meeting, Denver. Secy., Dr. W. A. Johnston, 801 Symes 
Bldg. 
EASTERN ASSOCIATION CAR SERVICE OFFICERS OF NEW YORK 
March 25. 
ENGINEERING ASSOCIATION OF THE SOUTH 
March 16, monthly meeting, Nashville Section, Carnegie Library Bldg. Sec- 
tion Secy., H. H. Trabue, Berry Blk., Nashville. 
ENGINEERING SOCIETY OF THE STATE UNIVERSITY OF IOWA 
April 6, monthly meeting, Iowa City, Ia. Secy., Dean Wm. G. Raymond. 
ENGINEERS’ AND ARCHITECTS’ CLUB 
March 15, 303 Norton Bldg., Louisville, Ky. Secy., Pierce Butler. 
ENGINEERS’ CLUB OF BALTIMORE 
April 3, monthly meeting. Secy., R. K. Compton, City Hall. 
ENGINEERS’ CLUB OF CENTRAL PENNSYLVANIA 
April 6, monthly meeting, Gilbert Bldg., Harrisburg. Secy., E. R. Dasher. 



















































COMING MEETINGS 


ENGINEERS’ CLUB OF CINCINNATI 
March 18, 25 E. 8th St. Secy., E. A. Gast, P. O. Box 333. 
ENGINEERS’ CLUB OF PHILADELPHIA 
March 20, April 3, 10, 1317 Spruce St. Secy., H. G. Perring. 
ENGINEERS’ CLUB OF TORONTO 
March 11, ete., weekly , 96 King St., W., Toronto, Ont. Secy., R. B. Wolsey. 
ENGINEERS’ SOCIETY OF MILWAUKEE 
March 10, 456 Broadway, Milwaukee, Wis. Secy., W. Fay Martin. 
ENGINEERS’ SOCIETY OF WESTERN PENNSYLVANIA 
March 16, regular meeting; April 6, Sectiocal Meeting. Secy., E. K. Hiles. 
EXPLORERS’ CLUB 
April 2, 29 West 39th St., New Lork. Secy., H. C. Walsh. 
FRANKLIN INSTITUTE 
March 11, Philadelphia, Pa. Paper: Power Factor and Commutation Con- 
ditions in Singlephase Series Motors, A. S. McAllister. 
GENERAL MANAGERS ASSOCIATION OF CHICAGO 
March 18. 
GENERAL SUPERINTENDENTS’ ASSOCIATION OF CHICAGO 
March 17. Secy., H. D. Judson, 209 Adams St. 
ILLUMINATING ENGINEERING SOCIETY 
March 11, April 8, monthly meetings, New York Section, 29 W. 39th St., 8 
p-m. Secy., P. S. Millar. 
INTERNATIONAL MASTER BOILER-MAKERS’ ASSOCIATION 
April 27-30, Convention, Hotel Sealbach, Louisville, Ky. Secy., H. D. 
Vought, 95 Liberty St., New York. Standardizing Blue Prints for Building 
Boilers; Boiler Explosions; Best Method of Applying Flues, Best Method for 
Caring for Flues While Engine is on the Road and at Terminals and Best 
Tools for Same; Flexible Staybolts Compared with Rigid Bolts; Best Method 
of Applying and Testing Same; Steel vs. Iron Flues, What Advantage and 
What Success in Welding Them; Best Method of Applying Arch Brick; 
Standardizing of Shop Tools; Standardizing of Pipe Flanges for Boilers and 
Templets for Drilling Same; Which is the long way of the Sheet; Best Method 
of Staying the Front Portion of Crown Sheet on Radial Top Boiler to Pre- 
vent Cracking of Flue Sheet in Top Flange; Rules and Formulas; Senate Bill. 
IOWA ELECTRICAL ASSOCIATION 
April 21, 22, Cedar Rapids. Secy., W. N. Keiser, Des Moines. 
IOWA RAILWAY CLUB 
March 12, April 9, Des Moines. 
LOUISIANA ENGINEERING SOCIETY 
April 12, 323 Hibernia Bldg., New Orleans. Secy., L. C. Datz. 
MASSACHUSETTS STREET RAILWAY ASSOCIATION 
March 10, Boston. Secy., Charles 8. Clark, 70 Kilby St. 
MUNICIPAL ENGINEERS OF THE CITY OF NEW YORK 
March 24, 29 W. 39th St., 8:15 p.m. Secy., C. D. Pollock. 
NATIONAL ASSOCIATION OF AUTOMOBILE MANUFACTURERS 
April 7, New York. Secy., C. C. Hildebrand, 7 E. 42d St. 
NEW ENGLAND RAILROAD CLUB 
March 9, annual meeting, Young’s Hotel, Boston, Mass.,8 p.m. Secy., Geo. 
H. Frazier, 10 Oliver St. Paper: The Railroad Club; its Worth, A. W. Martin. 
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NEW ENGLAND STREET RAILWAY CLUB 
March 25, annual meeting, American House, Boston, Mass. Secy., John J. 
Lane, 12 Pearl St. 
NEW ENGLAND WATERWORKS ASSOCIATION 
March 10, regular meeting. Secy., Willard Kent, Tremont Temple, Boston, 
Mass. 
NEW YORK RAILROAD CLUB 
March 19, 29 W. 39th St.,8.15 p.m. Secy., H. D. Vought, 95 Liberty St. 
NEW YORK SOCIETY OF ACCOUNTANTS AND BOOKKEEPERS 
March 16, etc., weekly meetings, 29 W. 39th St., 8 p.m. Secy., T. L. 
Woolhouse. 
NEW YORK TELEPHONE SOCIETY 
March 16, 29 West 39th St., New York, 8 p.m. Secy., T. H. Laurence. 
NORTHERN RAILWAY CLUB 
March 27, Commercial Club Rooms, Duluth, Minn. Secy., C. L. Kennedy, 
NORTHWEST RAILWAY CLUB 
April 13, Minneapolis, Minn. Secy., T. W. Flannagan, Care Soo Line, Min- 
neapolis. 
NOVA SCOTIA SOCIETY OF ENGINEERS 
March 11, April 8, monthly meetings, Halifax. Secy., S. Fenn. 
PROVIDENCE ASSOCIATION OF MECHANICAL ENGINEERS 
March 23, monthly meeting, Technical High School Hall, 8 p.m. June 22, 
annual meeting. Secy., T. M. Phetteplace. 
PURDUE MECHANICAL ENGINEERING SOCIETY 
March 17, etc., fortnightly meetings, Purdue University, Lafayette, Ind., 
6:30 p.m. Secy., L. B. Miller. 
RAILWAY CLUB OF KANSAS CITY 
March 19. 
RAILWAY CLUB OF PITTSBURGH 
March 26, monthly meeting, Monongahela House, Pittsburgh, Pa., 8 p.m. 
Secy., J. D. Conway, Genl. Office, P.&.L.E.R.R. 
RAILWAY SIGNAL ASSOCIATION 
March 15, Chicago, Ill. 
RENSSELAER SOCIETY OF ENGINEERS 
March 12, ete., fortnightly meetings, 257 Broadway, Troy, N. Y. Seey., 
R. 8. Furber. 
ROAD AND TRACK SUPPLY ASSOCIATION 
March 15-20, Exhibition, Coliseum, Chicago, Ill. Secy., John N. Reynolds, 
160 Harrison St. 
ROCHESTER ENGINEERING SOCIETY 
March 12, April 9, monthly meetings. Secy., John F. Skinner, 54 City Hall. 
ST. LOUIS RAILWAY CLUB 
March 12, monthly meeting, Southern Hotel, 8 p.m. Paper: Piece Work in 
the Repair Shop, D. T. Taylor. Secy., B. W. Frauenthal. 
SCRANTON ENGINEERS’ CLUB 
March 18, Board of Trade Bldg. Secy., A. B. Dunning: 
TECHNICAL SOCIETY OF BROOKLYN 
March 19, April 2, semi-monthly meetings, Arion Hall, Arion Pl., Brooklyn, 
N. Y., 8:30 p.m. Pres., M. C. Budell, 20 Nassau St., New York. 














COMING MEETINGS 


TECHNICAL SOCIETY OF THE PACIFIC COAST 
April 2, San Francisco, Cal., Secy., Otto von Geldern, 1978 Bdwy. 
TECHNOLOGY CLUB OF SYRACUSE 
April 13, monthly meeting, 502 Bastable Blk., 8 p.m. Seey., Robert L. 
Allen. 
WESTERN RAILWAY CLUB 
March 16, monthly meeting, Auditorium Hotel, Chicago, Ill.,8 p.m.  Seey., 
Jos. W. Taylor, 390 Old Colony Bldg. 
WESTERN SOCIETY OF ENGINEERS 
April 7, regular meeting. Paper: Reconstruction of the Street Car Tracks 
in Chicago, Geo. Weston. April 9, electrical section. Secy., J. H. Warder, 
1737 Monadnock Bik., Chicago. 
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EXECUTIVE COMMITTEE OF THE COUNCIL 


Jesse M, Smiru, Chairman F. R. Hurron 
Avex. C. HumpHReys Frep J. MILLER 
Freperic M. Wuyte 


STANDING COMMITTEES 
FINANCE 
ArtTuur M, Waitt (1), Chvirman J. Watpo Sirsa (3) 


Epwakrp F. Scunuck (2) Rosert M. Drxon (4) 
Watpo H. Marsnaut (5) 


MEETINGS 
Wiius E. Haun (1), Chairman L. R. Pomeroy (3) 
Wa. H. Bryan (2) Cuarues E. Lucke (4) 
H. ve B. Parsons (5) 
PUBLICATION 
ArtTuur L. WILLISTON (1), Chairman H. F. J. Porrsmr (3) 
D. S. Jacosus (2) H. W. Spanauer (4) 


Geo. I. Rocxwoop (5) 


MEMBERSHIP 


Henry D. Hissarp (1), Chairman Francis H. Stituman (3) 
Cuaruizs R. Ricwarps (2) Grorce J. Foran (4) 
Hosea Wester (5) 


LIBRARY 


H. H. Supize (1) LzonARD WALDO (3) 
AMBROSE SwasEy (2) Joun W. Liss, Jr. (4), Chairman 
Cuas. L. Cuarxe (5) 


HOUSE COMMITTEE 


Henry 8S. Loup (1), Chairman Bernarp Vicror Swenson (3) 
WituiamM Carter DickeRMAN (2) Francis Briossom (4) 
Epwarp Van WINKLE (5) 


Norz.—Numbers in parentheses indicate length of term in years that the member has yet 
to serve. 
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SPECIAL COMMITTEES 


1909 
On a Standard Tonnage Basis for Refrigeration 
D. 8S. Jacosus G. T. VoorHEEs 
A. P. Trautwein Partie De C. BALL 
E. F. Mrintier 


On Society History 
Joun E. Sweet H. H. Supiee 
Cuartes Wautuace Hunt 


On Affiliated Societies 
F. R. Hurron, Chairman Autex. C. Humpureys 
R. H. Fernatp H. H. Supiee 
F. W. Tayior 


On Constitution and By-Laws 


Cuas. Watiace Hunt, Chairman F. R. Hurron 
G. M. Basrorp D. 8. Jacosus 
Jesse M. Smiru 


On Conservation of Natural Resources 


Gro. F. Swain, Chairman L. D. BuriInGAME 
CHARLES WHITING BAKER M. L. Hotman 
Catvin W. Rice 


On International Standard for Pipe Threads 


E. M. Herr, Chairman Geo. M. Bonp 
Wituam J. BaLpwiNn Srantey G. Fuaaa, Jr. 


On Thurston Memorial 


Arex. C. Humpureys, Chairman CHarLes Wautuace Hunt 
R. C. CARPENTER J. W. Lies, Jr. 
Frep J. MILLER 

On Revision and Extension of the Code for Testing Gas Power Machinery 
Cuarues E. Lucker, Chairman Geo. H. Barrus 
E. T. ApamMs D. S. Jacosus 

Arthur WEstT 
On Hudson-Fulton Celebration 


Geo. W. MELVILLE 3 M. L. Hotman 
Jesse M. Smita 


[482] 


































SOCIETY REPRESENTATIVES 
1909 


On John Fritz Medal 
Henry R. Towne (1) F. R. Hurron (3) 
AmBrose Swasey (2) Cuartes Watuace Hunt (4) 
On Board of Trustees United Engineering Societies Building 
Cuas. Wauuace Hunt (1) F. R. Hourron (2) 
Frep J. Mituer (3) 
On Joint Library Committee 


Tue CHAIRMAN OF THE LIBRARY CoMMITTEE OF THE Am. Soc. M. E. 


On National Fire Protection Association 
Joun R. FREEMAN Ira H. Woorson 


On Joint Committee on Engineering Education 


Avex. C. Humpureys F. W. Taytor 


On Government Advisory Board on Fuels and Structural Materials 
Geo. H. Barrus P. W. Gates 
W. F. M. Goss 
On Advisory Board National Conservation Commission 
Geo. F. Swarr’ Joun R. FREEMAN 
Cuas. T. Main 
On Council of American Association for the Advancement of Science 


Atex. C. HumpHrReys Frep J. MILLER 


Norz.— Numbers in parentheses indicate length of term in years that the member has yet 
to serve. 


OFFICERS OF THE GAS POWER SECTION 
1909 


CHAIRMAN 


F. R. Low 


SECRETARY 


Gro. A. OrroxK 


GAS POWER EXECUTIVE COMMITTEE 
F. H. Stinuman, Chairman G, I. Rockwoop 


F. R. Hurron H. H. Supiee 
R. H. FERNALD 


GAS POWER MEMBERSHIP COMMITTEE 
Rosert T. Lozier, Chairman D. B. RusHMORE 
ALBERT A. CaRY A. F. STrnLMAN 
H. V. O. Cogs G. M. 8. Tarr 
A. E. JoHNson Georce W. WuyTe 
F. S. Kine S. S. Wyer 


GAS POWER MEETINGS COMMITTEE 


Cecit P. Poous, Chairman E. 8S. McCLe.vuanp 
R. T. Kent C. W. OBERT 
C. T. Witxkinson 


GAS POWER LITERATURE COMMITTEE 


C. H. Bensamin, Chairman L. N. Lupy 

H. R. CosieieH L. S. Marks 

G. D. ConLEE T. M. PaerrerLace 

R. S. pEMITKIEWwIcz G. J. RaTHBUN 

H. T. Eppy W. RAvuTENSTRAUCH 

L. V. GorBBELS S. A. REEVE 
A. J. Woop 


GAS POWER INSTALLATIONS COMMITTEE 


J. R. Brssins, Chairman A. BEMENT 
L. B. Lent 


GAS POWER PLANT OPERATIONS COMMITTEE 


I. E. Mouurrop, Chairman G. L. Knieut 
W. H. Buauvetr J. L. Lyon 
E. P. CoLeMan D. T. McLzop 


C. J. Davipson V. E. McMuLien 
H. J. K. Freyn J. P. SPARROW 
N. T. HARRINGTON Paut WINSOR 





